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I. 


THE  MISSION  OF  AGARD 


The  mmion  of  AGARD  is  to  bring  together  the  leading  personalitiet  of  the  NATO  nations  in  the  fields  of 
science  and  technology  relating  to  aerospace  for  the  following  purposes: 

- Exchanging  of  scientillc  and  technical  infomution; 

- Continuously  stimulating  advances  in  the  aerospace  sciences  relevant  to  strengthening  the  common  defence 
posture; 

- Improving  the  co-operation  among  member  nations  in  aerospace  research  and  development; 

- Providing  scientific  and  technical  advice  and  assistance  to  the  North  Atlantic  Military  Committee  in  the 
field  of  aerospace  research  and  development; 

- Rendering  scientific  and  technical  assistance,  as  requested,  to  other  NATO  bodies  and  to  member  nations 
in  connection  with  research  and  development  problems  in  the  aerospace  field; 

- Providing  assistance  to  member  rations  for  the  purpose  of  in<?easing  their  scientific  and  technical  potential; 

- Recommending  effective  ways  for  the  member  rations  to  use  their  research  and  development  capabilities 
for  the  common  benefit  of  the  NATO  community. 

The  highest  authority  within  AGARD  is  the  National  Delegates  Board  consisting  of  officially  appointed  senior 
representatives  from  each  member  natiort  The  mission  of  AGARD  is  carried  out  through  the  Panels  which  are 
composed  of  experts  appointed  by  the  National  Delegates,  the  Consultant  and  Exchange  Program  and  the  Aerospace 
Applications  Studies  Program.  The  results  of  AGARD  work  arc  reported  to  the  member  nations  and  the  NATO 
Authorities  through  the  AGARD  series  of  publications  of  which  this  is  one. 

Participation  in  AGARD  activities  is  by  inviution  only  and  is  normally  limited  to  citizens  of  the  NATO  nations. 
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PREFACE 


The  use  of  simulation  for  the  evaluation  of  control  dynamics,  system  components 
and  procedures  is  well  established,  less  certain  is  the  use  of  such  techniques  in  the  evaluation 
of  aircrew  performance  in  high  workload  utrations  of  an  operational  nature.  Studies  in 
the  nek)  present  considerable  difTiculties,  panicularly  when  factors  which  may  adversely 
affect  flight  safety  have  to  be  assessed,  ^though  laboratory  and  airborne  simulation  of  an 
operational  situation  may  lack  reality,  such  technk)u:s  may  be  the  only  way  to  predict 
operational  performance. 

The  meeting  was  intended  to  provide  a series  of  presentations  including  analyses  of 
operational  aspects  from  several  NATO  countries.  It  was  hoped  that  recent  studies  on  high 
workload  situations  in  aerospace  operations  and  accounts  of  simulation  of  such  task 
conditions  in  the  laboratory  and  in  flight  would  be  included. 
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TECHNICAL  EVALUATION 


The  meetint  evaluated  the  contribution  w.Jch  simulation  and  study  of  operations  could  make  to  the  under- 
standing of  intensive  air  operations.  It  was  evident  from  the  discuarions  that,  though  simulation  provided  opportunities 
to  examine  in  detail  limited  aspects  of  air  operations,  it  nevertheless  lacked  the  reality  essential  for  a definitive 
analysis.  On  the  other  hand  the  nature  of  actual  operations  often  precluded  a full  analysis  of  the  problem. 

Several  aspects  of  methodology  were  disc'Ksed.  An  important  teakoique  in  the  analysis  of  high  workload  was 
that  of  subjective  assessment,  but  it  is  a technique  which  needs  careful  study.  Cont’  ils  for  subjective  assessments 
were  frequently  obtained  under  conditions  of  reasonable  workload,  and  the  question  iroie  whether  subjects  used  the 
same  technique  to  evaluate  workload  under  the  circumstances  of  an  intensive  operation.  There  was  a need  for 
subjects  to  assess  the  individual  facton  which  contributed  to  overall  workload,  and  in  this  way  it  may  be  possible 
to  create  models  of  workload  assessment  and  to  define  the  stress  which  leads  to  a breakdown  of  the  model.  With 
subjective  assessments  of  workload  the  use  of  other  parameters,  such  as  physiclogicai  change,  should  be  considered. 
Physiological  changes  and  assessments  of  workload  should  correlate  with  each  other,  but  if  they  are  dissociated  a 
careful  assessment  of  the  problem  is  needed. 

Another  area  of  importance  was  the  use  of  physiologicsl  parameters  as  measures  of  workload.  There  was  no 
real  evidence  that  physiological  change  was  a measure  of  workload  per  se,  but  it  may  indicate  a change  in  the 
physiological  balance  of  the  body  brought  about  by  intensive  workload.  Giange  in  physiological  balance  is  a 
response  to  workload,  but  it  may  also  tell  us  how  the  individual  adapts  and  suggest  when  adaptation  is  breaking  down. 
The  breakdown  of  the  ability  to  adapt  may  be  associated  with  impaired  performance.  Several  studies  were  presented 
on  the  response  of  the  endocriiK  system  to  stress  and  it  would  appear  that  advances  are  being  made  in  this  direction. 
There  is  a need  for  a much  more  basic  understanding  of  endocrine  physiology  under  stress  and  its  application  to 
intensive  military  operations. 

The  relation  of  optimum  workload  and  optimum  performance  was  discussed.  Pilot  ability  during  overload  may 
not  be  optimum,  and  it  is  in  this  direction  that  simulation  studies  may  be  able  to  play  a greater  part.  The  problem 
of  simulating  high  workload  is  a difficult  one,  and  tire  use  of  simulation  for  studying  high  workload  operations  is 
an  area  of  uncertainty.  But  simulation  may  have  a part  to  pUy  as  it  is  an  experimental  situation  where  systems 
engineers,  physiologists,  psychologists  and  aircrew  can  work  together. 

A further  area  of  interest  was  the  prediction  of  operational  capability.  In  this  area  alrr  ew  to  aircraft  ratios, 
continuous  operational  capability  and  preservation  of  skill  under  stress  were  included.  *f  we  were  able  to  predict 
operational  capability  then  a considerable  step  would  have  been  made  in  the  human  factors  aspect  of  intensive 
military  operations.  It  is  in  this  area  where  future  work  needs  to  be  carried  out. 
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ABSTRACT 

Aircrew  wt>rkload  can  be  studied  at  aany  different  levels  of  detail.  In  the  anst  general  sense. 

It  is  a function  of  the  total  workload  laposed  ur.on  a unit  Ir.  relation  to  the  nuaber  of  crews  In 
that  iKlt.  An  nlrllft  systaa  slaulatlon  prograr.  has  been  designed  lalng  this  global  approach  and  a 
nudber  of  slaulatlon  studies  have  been  perforaed.  Outcoaes  In  teras  of  systeas  effectiveness  aeas- 
ures.  crew  workload,  and  crew  welfare  aeasures  will  be  presented. 

IVTRoncrnoN 

A general  slaulatlon  computer  prograa  capable  of  representing  the  aajor  operational  attributes 
of  a typical  squadron  of  MAC  let  transport  aircraft  and  alrcrewaen  has  been  developed  by  the  School 
of  Aerospace  Medicine.  Given  the  resources  (how  aanv  planes,  crews),  the  workload  (nuaber  and  route 
of  alsslons),  and  the  rules  (aider  which  to  operate  (various  regulations),  the  prograa  schedules  the 
alsslons,  selects  the  crews  and  planes,  and  files  the  alsslons.  Inserting  randon  fluctuations  to 
represent  delays  and  weather  variations.  During  the  course  of  the  slaulatlon,  the  prograa  tracks 
how  the  systea  Is  perforalng  by  acquiring  operational  data  such  as  cancellations,  flying  tlsie  on 
each  leg,  and  delays,  which  can  be  later  asseabled  Into  such  statistics  as  tlae  away  froa  hoae  and 
work-aonth  hours.  The  following  sections  will  describe  In  sone  detail  the  general  aechanlcs  of  the 
slaulatlon  program  Indicating  the  Input  requlreaents  (what  we  decide  beforehand),  the  slaulatlon 
logic  (what  happens  while  It  Is  running),  and  the  output  measures  generated  by  each  slaulatlon  run 
(what  can  be  analyzed  afterward).  A tvplcal  use  of  the  program  will  be  described  and  soae  results  will 
be  reported,  showing  the  application  of  the  program.  In  making  aansgeaent  decisions  affecting  aircrews. 

DrsrPIPTlOS  OF  THF  «1«!XAT10S  program 
Input  Requirements  (what  w«  decide  beforehand) 

The  Information  to  be  .supplied  tc  the  simulation  prior  to  a run  can  be  grouped  Into  five  general 
categories:  policy,  route  svsteir.  characteristics,  resources,  workload,  and  predestined  events.  The 

first  three  of  these  are  placed  in  the  computer  at  the  beginning  of  the  run;  the  last  two  are  prepared 
prior  to  the  run  and  placed  on  a tape  to  be  fed  in  as  their  dates  and  times  come  up  during  the  run. 

We  will  describe  these  two  groups  of  Information  under  the  headings  "Initialization"  and  "Exogenous 
Events"  respectively. 

a.  Initialization. 

The  first  groi.D  of  innut  parameters  provides  the  means  by  which  policy  rules  are  established.  Some 
of  Che  more  Important  policy  Input  paraaieters  are: 

1.  Crew  Type--The  crew  types  which  we  have  thus  far  provided  are  cither  "basic" 

(with  five  members  flvlng  according  to  regulations),  "augmented"  (with  a complement 
of  up  to  ten  men  on  duty  at  the  same  time),  or  "double"  (with  five  men  on  duty  at  any 
given  time  while  a second  sl.^ft  of  five  men  Is  aboard  In  a resting  status).  This  latter 
type,  which  alternates  crews  from  duty  to  rest  during  the  entire  mission.  Is  one  of 
the  suggested  policies  that  this  simulation  war  developed  to  Investigate.  The  Initiali- 
zation defines  the  number  cf  pilots,  navigators,  flight  engineers  and  loadnasters  In 
the  squadron.  These  crew  types  can  be  simulated  without  further  computer  programming; 
other  crew  types  could  be  introduced  with  rather  simple  additional  programming. 

2.  Factor  for  Awarding  Free  Time — At  th'  cosipletlon  of  a mission,  free  time  Is  awarded  by 
multiplying  the  tine  away  from  home  by  a factor  set  during  Initialization.  A maxlisum 
Halt  for  the  amount  of  free  tlM  awarded  at  any  one  time  Is  also  established  at 
Initialization.  Free  tlae  based  on  differing  credits  for  differing  kinds  of  duty 
tlae  would  require  additional  orograsasing. 

3.  Maximum  lime  Allo\ted  for  Delay  at  Hone  Base — This  parameter  Is  used  In  determining  when 
to  reschedule  or  cancel  a mission.  At  bases  other  than  home  base,  missions  are  not 
re-scheduled  or  cancelled,  but  siay  be  further  delayed  If  the  maxlsnim  duty  day  Initially 
prescribed  for  that  mission  is  exceeded. 

A.  Maxlmun  Flvlng  Time  Limits — The  slmulatlcr.  orogr-jv  provides  for  two  kinds  of  limitations 
on  maximum  flying  tlae  per  Individual  per  period.  Definition  of  such  periods  Is  quite 
flexible. 

5.  Length  of  Crew  Rest — This  Is  the  nimiber  of  hours  wnlch  policy  states  that  a crew  shall 
rest  prior  to  the  mission  departure.  The  same  or  another  figure  Is  specified  for 
crew  rest  anroute  upon  arrival  at  a stage  base  or  upon  expiration  of  a duty  day. 
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t.  Air  Timm  Aircraft  nalataawksa— Whlla  tk«  prlaclpal  Mvhaalfc  of  thlo  alaalacloa 

Iloo  OB  croM  Aota  md  crow  offocto,  rrovioloa  hoo  koaa  aaio  to  toko  aircraft  owt  of 
oonrlco  ot  howo  kooo  for  two  Alfforoat  loawtho  of  porloAo  callo4  wlaor  aolarowwo  tmd 
Boior  BolKtoaooco.  Ihla  laowt  war— fog  ifoclfloo  tho  aai*Br  of  kowra  of  air  tlwo 
tlMt  oHall  oot  kc  oaeooloA  koforo  wlaor  walmtoaowca,  tho  woiAor  of  howto  tho  flam  will 
ho  out  of  aorvlco  for  wlaor  walatawawra,  tho  aw^or  of  olr  howra  that  ahall  aot  ho 
aacaolol  hotwoon  pcrlola  of  oajor  aalataaaaca,  owl  tha  aw^or  of  4afm  ra^lrol  for 
aalor  aalatOBaaca.  Tho  alaalatloa  procrai  Awrlog  tho  rwa  will  wtlllao  tho  otyoctol 
air  tloa  of  aar  oroitoaol  alaaloa  to  ootlaata  whothor  a ^rtlcwlar  aircraft  wool!  orcoal 
its  aalBtaaanca  llaltatloaa  aad  will  accoot  or  roloct  tho  aircraft  for  that  alaolea  oa 
that  hosts.  Thus,  tho  lotoractlvo  affocte  of  ^rlollc  walntoaswco  llaltatlaaa  ofoa 
crows  sro  tskoB  lato  accoMt.  A slapla  aoAlflcatloa  also  ^ewlloa  tho  ahlllty  to 
slaulato  loochroBol  oalatoBoaca,  taklag  glsaao  out  of  oorvlca  at  flaol  porlHa  of 
caloalar  tlaa  Irrospoetloo  of  thoir  air  tlas. 

7.  'Iiwter  of  Staffs  Crows  at  Each  taao — Part  of  tho  laltlallsatloa  la  to  placa  tha  awAor 

of  stoRo  crows  Boodol  at  sack  of  tho  staffs  points  occerllBff  to  policy  to  bo  wool  In 

that  nm.  Hits  poller  Is  aoaallr  •spreossd  as  a ratio  swch  as  1/3C,  asaalag  oao  stags 
crow  for  aach  M alaslona  par  aooth  plaonod  to  aowo  throwgh  that  stags  pool. 

HavlBff  looks!  at  sows  of  tho  oolor  Inltlallaatloa  saraaotars  which  spoclfy  policy  wo  will  now 
dascrlba  soaw  which  spoclfy  tho  systaa  charactarlstlca. 

8.  Routs  Tyoos—Thls  sot  of  paraaotora  spoclflos  for  aach  routs  typo  tho  nwAor  of  logs, 

tho  dlroctloB  of  each  lop  (In  bouBd  or  out-hoisid),  achodwlod  or  osorage  air  tloos  of 

each  log,  ood  Identification  of  tho  kaaos.  Tho  lop  dlroctlon  Is  portlaaot  to  the 
sottlBff  uo  of  diroctlonal  atago  craw  pools.  Rota  that  :ho  Incluoloa  of  schodwlod  air 
tines  essoBtlallr  Idontlflos  obo  typo  of  aircraft  with  a routa  type.  For  a dlffaroBt 
trpo  of  aircraft  ovor  tho  sans  geopraphlc  route,  an  additional  routa  type  Is  daflaod 
to  tho  slaulatlon. 

9.  Ussion  Tyne— For  each  kind  of  alsslon  to  bo  flown  a cods  Is  ontarsd  Idontlfylng  that 
troo  of  Blsslon,  the  crow  trpo  to  bo  used  on  that  alsslon,  tho  route  typo  of  tho 
alsslon,  tho  bases  tdicre  staplnt  will  occur,  tho  total  ostlnatad  air  tins  and  tho 
naxlaua  dutv  dar  for  each  log.  Rote  that  this  does  not  specify  any  dates  of  departure 
or  arrival  but  neraly  describes  the  characteristics  of  a particular  typo  of  alsslon. 
Latar  during  the  course  of  the  run,  tho  aaogenous  tape  will  Indicate  several  tlaos 
during  the  course  of  s aonth  that  a nisalon  of  typo  so-and-so  should  he  launched  at 
such-and-such  a tine  on  such-and-such  a dev.  Tliat  Infomatlon  gives  the  Identifying 
code  and  tine  of  laiaich;  tha  slaulatlon  will  then  refer  to  tho  Inltlallaad  alsslon 
tvpe  infomatlon  to  find  out  all  tho  datalls  Involved  In  tho  setup. 

n.  Fro-Fllght  Length  and  Delays— In  actual  nractico  and,  hence.  In  tho  slaulatlon,  the 
length  of  tlao  In  ora-fltrht  has  s norael  planned  value  which  la  Initially  furnished 
hero,  but  for  various  causes  occurring  In  fairly  randan  fashion  actual  take-offs  are 
delayed.  Excluding  the  nonavailability  of  plane  or  crew,  we  have  Bade  provision  for 
all  other  delavs  to  be  Included  In  a randoa  distribution  which  Is  Initially  subalttod 
at  tnis  point.  Later  during  run  tlae  as  each  leg  is  about  to  be  launched,  the  slaela- 
tlon  gets  a ran don  sanple  fron  this  sncclflsd  distribution  and  acts  the  actual  depar- 
'jre  tine  accordlnglv. 

11.  Ifeather  and  Other  Variabilities  In  the  Air — In  order  to  provide  for  the  randoa  fluc- 
tuations In  length  of  air  tir»  along  a particular  lag  In  a particular  dlractlon 
brought  about  onerat tonal Iv  by  fluctuation  In  such  things  as  wind,  power  settings, 
weights  and  a nlscallanv  of  other  factors,  we  provide  for  an  Initial  specification  of 
a distribution  of  factors  to  be  appliad  to  the  overage  no-wlnd-tlne  for  any  leg. 

Finally,  In  the  Initialisation  ohase  we  specify  the  resources  that  a particular  run  will  have 
available.  Thev  include  the  following  paraBcfers: 

12.  Rianber  of  Fllght-Duallf tad  Fersonnel— The  nunber  of  pilots,  co-pllots,  navigators, 
engineers,  and  loadaasters  In  the  squadron  Is  specified  separately  and  need  not  be 
equal.  Vithln  each  of  these  groups  all  personnel  are  praaiawd  to  be  flight-qualified 
and  no  provision  has  thus  far  been  nada  for  trainees  and  exaalners.  It  Is  quits 
feasible  with  a aaall  aaouut  of  additional  oregraowilng  to  Include  other  types  of  per- 
sonnel. The  crew  tync  paroswtsr  described  abova  would  then  have  to  be  supplenanted 
so  that  at  laast  ona  crew  type  calls  for  one  of  the  new  type  of  personnel. 

13.  Rupiber  of  Planes — The  total  nusd>cr  of  planas  assigned  to  the  squadron  Is  Inltlal.'.y 
entared. 

b.  Exogenous  Events.  The  second  type  of  infoiaatlon  idilch  Is  prepared  in  advaaca  of  a run  la 
an  exogenous  event  tape.  This  tape  la  a calendar  of  events  due  to  occur  at  a tlaM  Independent  of  what 
goes  on  In  the  slaulatlon.  It  Includes  pre-planned  calls  upon  the  squadron  for  alssloaa,  and  It  provides 
a acchonlaa  for  handling  sick  leave,  planned  leave,  aaergency  leave,  general  allltary  duties,  and  special 
tlae-clocked  squadron  duties. 

1.  Mission  Workload — The  alsslon  workload  Is  placed  on  the  aaogeaous  tape  la  the  fora  of  a 
notice  to  the  souadron,  each  alsslon  notice  received  Juat  In  tlaa  to  deslgaata  a crew 
and  aircraft  for  that  alsslon. 

2.  Ihiacheduled  Leave— This  Is  ptovlded  by  notices  at  randoa  tlaas  that  a particular  person 
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oirfw4  apart  la— lly  — to  frapaaaey  af  mmttmcy  calls,  af  fslllag  111  mi  Cfea  laastt 
of  tha  111  pariah.  Tha  raaalta  of  tkla  aanpllap  ara  chaa  plarai  aa  Cka  aasgaasaa  tapa 
la  ariar  af  accarraaca  sa  cht  4ariaa  tha  i—  tka  aytaa  will  flai  at  tat  sack 
accarraaea  oaly  akaa  It  kappa—. 

3.  Ait— takla  Btlaa— -Tka—  alllcar*  itl—  1— laisi  la  — apa— r aaalys—  aaiar  Cka  kaai- 
lap  '‘AnUT,”  aklek  at— ia  ft  Air  rtea  kia  aaallakla  Tl—  — i laclai—  arilaaiiy  la— a, 
ara  apraai  at  aat  tka  a— Ck  aai  a— 1— ai  ta  aaek  lailti— 1 t apaclflc  tla—  — Cka 
aaapaao—  tapa.  Ika  ilffar— ca  fr—  tka  f era— lap  eta— rl—  la  ckt  iarlag  tka  i—  a 
ctaoB— , callai  op—  ft  tkla  to—  af  ttlwlty  aklla  aaay  fr—  kaat  ka— , til  kaaa  It 
aowai  for  hla  —til  ka  rator—  oai  c— pit—  kla  fr—  tl— ; ck—  ka  til  kc  a— Ip—i 

to  tha—  iatl— . 

4.  riaai  Batlaa— Tha  third  ty—  of  prnitart— i a— Igoa— t ft  — lailtioal  la  lacaait 
to  cover  each  ita—  — a— air—  alpha  alert,  pro— i tralalop,  aai  ackaiallap  afflct 
iatl—.  Tka—  av— ta  tear  at  roai— ly  bt  rapolarly  aai  a— t ka  ftflllt  — ackai- 
alai,  — that  itlac  r—  tl—  ot  ceapatt  looka  obat  aai  til  at  — 1— t a craaa— 
for  a — rtlcolar  teal—  If  tha  for— t laapth  of  that  t— 1—  wotii  c— fllct  ttk 
hla  balnp  back  la  ti—  for  a ioty  aptiflai  hare. 

Th—  tha  — opaae—  tapa  prtli—  tka  rl— Iatl—  pro—  tth  a tlalap  aopaaace  ft  — ttlap  up 
tael— a aai  for  pattlnp  cr—  oeobara  — loiiva  or  aptlal  dutl— . 

*=1— Iatl—  Ltlc  (what  hapoa—  uhlla  It  la  naml— ) 

A b1— Iatl—  r—  ia  bop—  by  loailap  the  progr— , ao— tlap  the  aaopoae—  ta— , asi  ratlap  la  the 
inltlallaati—  ralu— . This  iaclniaa  — aaabllnp  the  required  iaitlal  ata—  era—  at  pra-etaplap  tb—  ooc 
in  tha  syst— . All  pla— a and  re— lainp  craw— n ara  plact  in  pools  of  tillable  pi—  at  craaa—.  Tha 
si— Iatl—  clock  is  started  by  rcadinp  in  tha  first  notice  from  tha  asop— o—  ta— . Aa  a— tloat  atilt, 
the  anop— s ta—  c— tains  notices  which  schedule  a aissi—  or  nctlc—  to  place  — Itlvliual  a—  — 
so—  "blocked  -nit"  status  (aakina  hia  —available  for  a alasi—  for  a s— cifit  — rlt).  Ua  will  111— trace 
the  detailed  ev— ts  involved,  by  tracinp  a slnale  nlsaioa  fr—  start  to  finish.  We  trill  dl— u—  first 
tho—  events  which  occur  at  hone  ba—  prior  to  aissi—  da— rturt,  than  the  events  which  taka  place  at  — 
enroute  base,  and  finallv  those  events  which  occur  at  the  cooplcti—  of  the  slssl— . The  eta— itar  act— 1- 
l'-  — rfor—  the  octi— s for  all  aissi— s by  tha  si— lator  clock  — that  it  aay  ance— al— ly  — 1— t r arm 
for  toawrrow's  alasi—  la— ch,  alert  a stage  crew  at  base  F for  an  i— in—t  do— rture,  take  a ersr  of 
free  ti—  status,  la— ch  an  in-bo— d nlssl—  from  an  inter— diatc  be—,  la— ch  today's  no—  al— i . fr— 
ho—  base,  "arrive"  vesterdav's  aissi—  at  an  —route  base  — d ceapute  its  sub— qu— t ti—  of  la— ch  froa 
the  dclav  distribution,  all  in  order  of  the  clocktt.se  at  which  each  event  is  suppoaed  to  occur. 

a.  Pre-departure  Fvvnts 

^totices  tc  schedule  a nissi—  have  b— n placed  on  the  exoeeno—  ta—  — that  the  notice  sp— arn  — the 
calendar  (th*  coaputcr  finds  out  about  it)  24  hours  before  the  scheduled  de— rture  ti—  for  the  alsal— . 

At  this  ti— . select i.-m  of  the  plan*  and  crew  bepins.  Infor— tl—  about  crew-ty— , r— te,  nuoker  of  step- 
ins  bases,  a.id  th*  Icnath  of  ti—  the  crew  will  be  awav  fr—  ho—  is  obtei— d fr—  th*  in—t.  This  la- 
foraati—  ,s  used  to  Insure  that  police  rules  er*  not  violated  in  — lectinp  the  cr—  — d pi— e.  A crew- 
■an’s  cligibilitv  is  deternined  by: 

1.  Is  he  available?  A crew— n Is  not  — aipned  to  a alasi—  which  will  c— fllct  with  his 
fixed  duties.  If  a c— flict  inadvertently  occurs  bees— c th*  aissi—  act— lly  lasts 
1— r than  the  nor— 1 tl— , the  duties  wlM  be  — rfot—d  at  the  coa^lctl—  of  the  als- 
slon.  He  is  not  available  if  he  is  — —scheduled  leave  (sick,  — erp— cy).  He 

— v be  essi— *d  to  a aissi—  even  if  it  conflicts  with  adj— table  duties,  which  are  th— 
carried  out  after  cooplcti—  of  the  nlasi  — . 

2.  At  the  beginning  of  each  leg,  — xlo—  flying  ti—  — r crewa—  la  iapo— d,  for  both  short 
(nornallv  3l>-dsv)  and  1— g (nor— lly  90-dey)  — rlods,  without  waiver  —opt  to  cooplete 
a leg  whote  nor—i  length  would  not  have  put  hia  over  the  Halt.  In  asking  up  ere—  at 
ho—  be—,  an  sttewpt  is  nsdc  to  sec  that  each  creua—  — lected  can  cooplet*  the  —tire 
nlssi—  without  exceeding  his  abort  or  1— g flvine  tl—  aaxlin— *.  If  ao  o—  of  a — r- 
tlcular  posit  1—  such  as  flight  — gin— r a— ts  this  criterl— , th—  — ly  tha  flying 
tl—  to  the  first  staging  point  is  u— d to  dctcrnl—  availability. 

3.  Who  g— s first? — If  aore  th—  ooe  ere—  of  a giv—  p— Iti—  Is  avsllabla,  th*  o—  with 
th*  lent  accu— latcd  firing  ti—  for  the  quarter  (1— g period)  is  —lected.  In  ca—  of 
ties,  the  —a  with  ch*  lent  accunulated  flying  tl—  for  the  a— th  (short  period)  Is 
—lected. 

A pla— *s  ellgibilltv  Is  dctcrai— d by: 

1.  Will  the  pla—  be  at  ho—  ba—  In  tl—  to  begin  pre-fllpht? 

2.  vill  the  s—  of  the  pla— *s  acca— Isted  air  ti—  sod  the  air  tl—  roqwlrad  for  this 
aissi—  exceed  the  tl—  for  the  — xt  aln«.r  or  — jer  — Inten— c*  for  that  aircraft?  Or 
alter— tl—lv,  will  the  proposed  al— 1—  departure  tl—  pi—  — r— 1 olssl—  elspasd 
ti—  interfere  with  s scheduled  laochro— 1 — Inten— c*  fer  that  pla—? 

If  there  is  aithcr  no  pla—  or  no  cr—  for  a particular  alesl— , th*  ol— 1—  Is  cakcellod.  H— ever, 
the  alesl—  Is  —rely  r— chedulcd  to  depart  at  the  earll— t po— Ible  tl—  If  a pla—  — d cr—  c—  ba  foaad 


■e  tkat  Mch  frlwiMlIag  will  aot  ucm^  tb*  wmUmw  tiaa  (sogpllad  in  th«  InltlallMtion)  alloMd  for  a 
dalajr  at  Imb  baao.  Aa  aaaa  aa  aalactloa  of  tba  crew  la  coaplatod,  they  ara  placad  on  hoae  crew  reat. 

Opaa  ce«platlag  craw  root  (oanally  12  howra),  tbay  ara  allowod  travel  tiaa  to  report  to  Che  baaa.  The 

laagck  of  this  acatwa  la  carraatly  flood  at  oao  boar.  Horaally,  preflight  of  the  plane  begins  at  this 

tiaa.  It  la  poaaibla,  bawover,  for  tbs  plaaa  aaalgaod  to  this  alaaion  to  be  unavailable.  This  can  occur 
if  the  plana  seal goad  is  atlll  la  aalataaaaca,  bat  will  be  available  in  tine  to  prevent  a aajor  delay. 

If  the  craw  has  to  wait,  they  are  placad  la  a atatua  called  raap  tiaa.  As  soon  aa  both  plane  and  crew 

are  available,  pre-flight  atatas  boglas  for  ail.  Aa  stated  earlier,  the  actual  ground  tiae  is  a randon 
value.  If  the  actual  ground  tine  does  not  eaceod  the  scheduled  ground  tlnr,  the  plane  departs  and  the 
ctuw  status  chants  to  flying  tine  which  la  chargad  against  their  nonthly  and  quarterly  llnits.  If  the 
schodulad  ground  tine  ia  cacaaded,  then  Che  crew  id  placed  in  ranp  status  (corresponds  to  raap  pounding 
dae  to  unscnoduled  nalatenanca  or  waatber  delays).  The  crew  la  allowed  to  depart  if  the  ranp  tine  doe> 
not  cacned  aix  hours  (a  figure  sat  at  ialtlallaatloo) . Otherwise,  the  crew  nust  be  replaced.  A new 
crew  is  aelocted  and  restarts  the  cycle  with  hone  crew  reat.  ‘.he  progran  will  continue  to  select  crews 
until  it  succaeds  in  getting  the  pUne  off. 

b.  Earoute  Events 

At  the  tine  of  launch  fron  any  banc,  tiic  sinulator  ascertains  the  nomal  leg  tine  and  a random  factor, 
coaputes  actual  arrival  tine,  and  nets  a rcninder  to  act  again  on  the  nission  at  that  tine,  or  in  some  cases 
an  hour  earlier  as  we  shall  see.  If  the  neat  base  is  not  a staging  point,  on  arrival  tine  the  program  must 
check  to  sec  if  the  crew  is  qualified  to  fly  the  following  leg.  The  program  must  verify  that  each  member 
would  not  escead  his  flying  tine  llnits  on  such  leg.  It  nust  sake  sure  that  the  maximum  duty  day  will  not  be 
violated.  If  the  flying  tine  linlta  or  the  nnalniM  duty  day  would  be  exceeded  or  if  three  consecutive  days 
of  anxinun  duty  nave  transpired,  the  crew  is  placed  on  enroute  crew  rest  and  the  plane  Is  placed  on  enroute 
layover  isitil  tbe  crew  la  qualified  to  fly  again.  Upon  conpletion  of  crew  rest,  they  are  allowed  time  to  re- 
port to  the  flight  line  and  pre-fligbt  begins  for  the  following  leg. 

If  the  next  base  is  a staging  point  a notice  will  be  given  one  hour  before  arrival  to  alert  a stage 
crew  to  report  for  pre-flight  at  arrival  tine.  The  arriving  crew  goes  directly  to  crew  rest  after  complet- 
ing their  poat-flignt  inapecticn.  They  will  be  placed  in  the  staging  pool  as  soon  as  they  finish  crew 
rest.  Crews  in  this  staging  pool  rotate  on  a flrst-lu,  first -out  basis. 

Upon  arrival  the  progran  aanpiea  its  ground  tine  distribution  and  sets  a departure  tine  for  itself.  If, 
as  the  clock  runs,  the  actual  ground  tine  exceeds  the  scheduled  tine,  the  outgoing  crew  ia  placed  on  ramp 
status.  If  the  ranp  tine  ia  leas  than  six  hours  (or  as  initially  specified),  the  nission  continues.  Other- 
wlsti,  the  crew  la  replaced.  In  general,  this  docs  not  cause  a large  enroute  layover  of  the  plane  at  a stage 
poiat  since  the  replacenent  crew  nomaliy  has  already  taken  the  enroute  crew  rest.  That  crew  nust,  however, 
perform  its  own  pre-flight  inspection  of  the  aircraft.  The  program's  strategy  calls  for  alerting  this  re- 
placement crew  one  hour  before  the  laiachedulcd  maintenance  ia  completed.  If  less  than  one  hour  of  unschedul- 
ed naintenance  remains,  the  plane  is  placed  on  enroute  layover  status  until  the  crew  arrives.  The  crew  is 
allowed  the  usual  hour  to  report  to  base  operations. 

c.  Post-mission  Events 


As  soon  M the  plane  arrives  at  hone  bane,  the  progran  checks  to  see  if  minor  or  major  naintenance  is 
required.  If  naintenance  is  not  needed,  post-flight  inspection  is  performed.  The  plrne  is  then  returned  to 
the  avaiiable  pool.  Those  planes  requiring  naintenance  are  returned  to  the  available  pool  as  soon  as  main- 
tenance is  coopleted.  The  crew  members  are  granted  free  tlsw  based  on  the  amount  of  tine  they  have  been 
away  fron  none  this  nission.  As  each  crewnan  conpletes  nis  free  tiae,  the  program  will  check  to  see  if  a 
period  of  adjustable  duties  *s  pending,  before  placing  hla  on  such  duties,  the  program  insures  that  they 
will  not  cause  cancellation  of  a nission.  Eventually,  the  nen  are  returned  to  the  available  pool,  complet- 
ing the  cycle  of  ail  possible  statuses. 

Output  Measurements  (what  ran  be  anal /red  afterwards) 

During  the  course  of  the  slnuiation  run,  a log  is  maintained  of  every  change  in  status  of  every  man 
and  every  aircraft.  This  log  is  recorded  on  a history  tape  in  which  eacli  transaction  consists  of  one 
change  In  status  of  one  individual  or  plane.  Tills  history  tape  can  thi.n  be  used  as  source  data  for  various 
sisaaries  to  describe  what  happened  and  for  analyses  that  compare  this  run  to  other  runs.  Just  as  in  opera- 
tional actlvitiea  themselves,  there  are  many  different  variables  that  night  be  sumsarized  and  many  diff- 
erent waya  of  sunarizing  each  one.  Since  this  analysis  phase  is  not  truly  an  Integral  part  of  the  simu- 
lation itaelf  we  will  merely  mention  at  this  point  a listing  of  some  variables  which  've  been  computed, 
by  names  which  arc  self-explanatory.  They  arc  separated  roughly  into  four  categories:  those  pertinent  to 

individuals,  those  pertinent  to  crews,  those  pertinent  to  planes,  and  those  pertinent  to  the  system  as  a 
whole. 
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5.  Average  length  of  the  free  tiae  period  by  month  or  b>  crew  position  or  both. 

6.  Distribution  of  length  of  free  tine  period. 

Average  tine  away  from  hone  by  month. 


7. 


a. 

I: 


U.  Distribution  of  tlae  amy  fros  uj  Bonth. 

9.  Average  i.iM  between  missions  by  inntb. 

10.  Distribution  of  time  bettieen  missions  by  mouth. 

11.  Average  flying  nours  per  person  by  sonth. 

12.  Distribution  of  flying  uours  per  person  by  month. 

b.  Crew  Measures 

1.  Average  length  and  distribution  of  pre-flight  time.  Note  tliat  tnis  measure  merely  con- 
firms that  the  program  is  actually  sampling  the  distribution  which  was  initially  sub- 
mitted to  it. 

2.  Average  and  distribution  of  in-flignt  times  per  leg.  Inis  is  really  sure  of  a system 
measure  which  is  pertinent  to  tiie  formula  approach  to  crew  management.  Out  of  tne  simu- 
lation we  get  merely  «dtat  we  Initially  put  in,  within  random  variation. 

3.  Time  spent  in  post-fligut  duties. 

4.  Time  spent  in  enroute  crew  rest. 

5.  Time  spent  in  enroute  waiting.  This  is  an  Important  indicator  of  the  staging  effect. 

It  will  appear  in  many  of  the  analyses. 

c.  Plane  Measures 

1.  Number  and  length  of  nome  layovera. 

2.  Tine  spent  in  pre-flight. 

3.  Time  in-flight  by  leg  and  by  mission  and  by  month. 

4.  .'(umber  and  length  of  enroute  plane  layovers.  This  measure  reflects  those  periods  wnen 
crews  were  an  Impediment  to  the  system. 

3.  Time  in  minor  and  major  maintenance. 

6.  Utilization  rate.  Tnis  figure,  the  number  of  uir  hours  per  day  per  plane,  is  the  most 
often  used  management  leasure  of  plane  availability  and  workload.  It  is  used  in  plan- 
ning, but  appears  here  as  utilization  rate  actually  achieved  per  period. 

d.  System  Measures 

1.  Missions  scheduled. 

2.  Missions  rescheduled. 

3.  Missions  cancelled. 

4.  Mission  departures. 

5.  Mission  arrivals. 

6.  1-Ussion  legs  delayed,  and  distribution  of  delay  time. 

7.  Rest  ledullng  delay,  total  and  average  time. 

8.  Work-montn-hours.  This  is  e measure  of  personnel  availability  or  utilization  most  often 
used  in  a manpower  management  and  planning  context  to  the  extent  that  it  reflects  an  in- 
dividual's contribution  to  the  Air  Force  out  of  his  tnlrty  days.  It  is  also  an  individual 
measure,  of  interest  both  as  a squadron  average  and  as  a distribution  from  minimum  to 
maximum. 

A typical  SlMir  \TkD  MISSION 

Ue  will  Illustrate  the  workings  of  the  simulation  program  by  describing  an  actual  run  we  made  early  in 
our  investigation.  Even  at  that  elementary  stage  of  evolution  we  were  able  to  set  many  characteristics  com- 
patebTe  to  actual  operations  while  keeping  the  run  as  a wliole  reasonably  simple  and  uncomplicated  in  order 
to  assure  ourselves  that  it  was  indeed  doing  what  it  was  supposed  to  do.  Actually,  in  any  use  of  a simu- 
lation program  it  xs  Important  to  keep  tlie  values  and  pr'^ceaures  useu  as  simple  as  possible  consistent  witn 
the  objective  of  the  investigation.  This  keeps  the  computer  processing  within  the  spatial  limitations  of 
tlie  computer,  minimizes  tbe  amount  of  time  Involved  in  running  on  the  computer,  and  insures  that  any  diff- 
erences arising  in  the  resul'  under  different  runs  are  indeed  due  ^o  the  factor  or  factors  being  invest- 
igated .’ather  than  to  some  unoesired  cause  arising  out  of  some  complicated  attempt  to  reproduce  reality  in 
its  fullest  detail. 

For  this  run,  we  chose  the  number  of  planes  assigned  to  the  squadron  (input  variable  13)  to  be  16,  as  a 
number  corresponding  to  reality  that  we  felt  could  be  handled  within  the  computer  storage  available  to  us. 

Ue  chose  to  define  for  this  run  Just  one  kind  of  mission  (input  variables  8 and  9);  it  was  called  mission 
type  10,  specifying  the  use  of  a "basic"  crew.  We  described  tbe  route  as  being  outbound  from  Charleston  to 
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Dover  to  Elaendorf  to  Tokota  to  Clark  and  In-bound  froa  Clark  to  Kadena  to  Elaendorf  to  Dover  to  Charlea- 
ton.  Stage  poola  were  defined  In  each  direction  at  Elaendorf  with  a pool  at  Tokota  and  another  at  Kadena. 
Scheduled  ground  tlae  was  set  at  two  hours  at  each  baae.  The  eight  legs  were  given  scheduled  air  tlaes 
respectively  of  1.5,  S.O,  8.5,  4.5,  2.0,  8.5,  7.3,  and  1.3  hours.  Anyone  who  has  been  over  this  route  will 
recognise  that  the  nuabera  used  do  not  precisely  describe  the  actuality  but  that  they  contain  enough  truth 
to  repreaent  the  operational  easence  of  this  route.  The  naxlaum  duty  day  was  held  at  16  hours  throughout 
this  run.  As  a result  of  this  definition  of  nlsslon  type  10,  aircraft  and  crew  will  fly  an  average  of  41.6 
home  per  alssloa,  and  the  air  tine  per  leg  will  average  5.2  hours.  Finally,  we  furnished  as  part  of  the 
Initialisation  an  estlnate  of  4.667  days  away  froa  hoae  for  the  coaputer  to  use  In  scheduling  crews  to  see 
If  the  alsslon  would  Interfere  %rlth  soae  future  fixed  duty. 

Next  wc  decided  that  when  we  prepared  the  exogenous  event  tape  we  would  schedule  two  alsslons  per  day 
having,  a fairly  constant  spacing  and  yielding  a workload  that  would  average  out  to  83.2  air  hours  per  day  or 
exactly  5.20  as  a planned  utilisation  rate.  We  chose  to  noke  this  run  with  40  pilots,  40  co-pllots,  40  nav- 
igators, 4C  flight  engineers,  and  40  loadaasters,  giving  an  equal  nuaber  of  resources  at  each  crew  position 
(Input  variable  12)  although  the  prograa  Is  written  to  accoamodate  unequal  nuabers.  This  total  of  40  crews 
corresponds  to  a crew  rstlo  of  2.50  which  Is  consistent  with  our  desire  to  run  at  first  with  simple  nuabers 
that  would  not  stress  the  system.  The  "basic"  crew  type  (Input  variable  1)  was  defined  as  one  pilot,  one 
co-pllot,  one  navigator,  one  flight  engineer  and  one  loadaaster  without  distinguishing  between  Individuals 
qualified  as  connand  pilot  and  co-pllct. 

.'.s  a policy  for  awarding  free  time  at  the  end  of  each  nlsslon  (Input  variable  2)  the  factor  of  one-third 
was  established  for  this  run,  with  an  upper  limit  of  three  days  for  any  one  nlsslon.  If  a alsslon  could  not 
be  launched  irlthln  18  hours  of  Its  scheduled  departure  (Input  variable  3) , then  the  program  was  Instructed  to 
cancel  the  nlsslon.  The  Halts  placed  on  flying  tine  per  Individual  were  for  this  run  (Input  variable  4)  125 
hours  In  30  days  and  300  hours  In  90  days.  Required  crew  rest  prior  to  starting  a new  work  day  was  set  at 
12  hours  (Input  variable  5).  Kalntenance  (Input  variable  6)  of  12  hours  was  required  when  between  258  and 
300  air  hours  had  been  flown  on  that  aircraft  since  the  previous  alnor  nalntenance;  "major"  nalntenance  of  96 
hours  was  required  when  between  798  and  840  air  hours  had  been  flown  on  that  aircraft  since  the  previous  najor 
nalntenance.  One  flight  crew  was  plsced  liltlally  In  each  of  four  stage  pools  (Input  variable  7)  as  a sluple 
and  efficient  use  of  the  rsthr.r  Halted  number  of  crews  available. 

For  this  run  a distribution  of  ground  tine  (frca  crew  reporting  in  to  take-off)  was  Inserted  (Input  vari- 
able 10)  only  after  scanning  the  operational  experience  to  that  date  with  the  C-14] . The  simulator  was  Ini- 
tialized to  choose  randomly  each  such  ground  time  before  take-off,  from  a distribution  which  would  guarantee 
In  the  long  run  that  roughly 

27  percent  would  be  between  1 and  1.6  hours 

40  percent  would  be  between  1.6  and  2.4  hours 

23  percent  would  be  between  2.4  and  3 hours 

4 percent  would  be  between  3 and  4 hours 

3 percent  would  be  between  4 and  8 hours 

2 percent  would  be  between  8 and  16  hours 

1 percent  would  be  between  16  and  24  hours 

Vftien  one  of  the  longest  times  occurred,  of  course,  the  crew  %rauld  "bum  out"  by  exceeding  Its  duty  day  and 
would  be  replaced  by  another  crew  If  available. 

To  account  for  variations  In  air  tlae  for  a particular  leg,  due  operationally  to  such  things  as  dif- 
ferences In  weather  and  differences  In  aircraft,  we  supplied  a factor  (Input  variable  11)  having  a roughly 
normal  distribution  frw  .90  to  1.10  with  mean  of  1.00;  consequently  all  air  times  were  within  ten  percent 
of  the  standard  (Input  variable  8)  for  that  leg. 

In  preparing  the  tape  of  exogenous  events  for  this  run  we  created  a notice  for  a mission  of  type  10 
to  depart  at  0500  and  at  1700  each  day  froa  hoae  bane,  the  notice  to  be  received  15  hours  before  scheduled 
departure.  To  create  the  notices  of  unscheduled  leave  we  first  selected  a distribution  of  length  of 
unscheduled  leave.  For  this  we  specified  that  60Z  of  the  time  It  trould  last  2 days,  25Z  of  the  time  It 
would  lost  4 days,  ICZ  of  the  tlae  It  would  last  8 days,  and  5Z  of  the  time  It  would  last  16  days.  This 
averages  out  to  3.8  days  absence  per  unscheduled  leave.  Next  we  calculated  the  average  nuaber  of  people 
to  be  placed  on  unscheduled  leave  each  day  as  follows:  divide  the  nuaber  of  alrcrewmen  In  the  squadron 

by  114.  This  number  was  used  In  order  that  each  person  would  average  12  days  per  year  on  unscheduled 
leave,  accounting  for  one  day  per  month  In  the  work-aonth-hour  coaputatlon.  For  our  run  with  2C0  people 
In  the  squadron  this  average  comes  to  1.7544.  Then,  for  each  day  of  the  simulation,  we  sampled  a Poisson 
distribution  with  that  mean  to  determine  the  nuober  of  men  to  put  on  unscheduled  leave  that  day.  Having 
the  nuaber  for  the  day,  we  selected  the  particular  Individuals  at  random  froa  among  those  of  the  200  who 
were  not  then  already  on  unscheduled  leave.  For  each  such  man  thus  selected  we  sampled  the  distribution 
of  length  of  leave  to  determine  how  long  that  individual  should  stay  on  unscheduled  leave.  Finally,  we 
created  a notice  on  the  exogenous  tape  which  specified  the  beginning  and  the  end  of  each  period  of  un- 
scheduled leave. 

In  creating  notices  for  fixed  duties  on  the  exogenous  tape  we  blocked  out  twr*  kinds  of  duty.  Each 
week  one  pilot,  one  navigator,  one  flight  engineer,  and  one  loadaaster  were  selected  to  serve  a period 
of  seven  days  on  fixed  duty.  This  was  Intended  to  simulate  the  aircrew  manpower  used  for  scheduling  officers. 
In  addition  to  this,  every  ae^er  of  the  squadron  served  one  day  of  fixed  duties  each  month.  These  notices 
of  7-day  and  1-day  fixed  duties  were  placed  on  the  exogenous  tape  such  that  at  the  end  of  one  period  of 
duty  the  following  one  would  be  made  known  to  the  program.  Thus  the  prograa  would  be  able  to  check  ahead 
and  avoid  sending  a crewman  on  a alsslon  which  would  Interfere  with  fixed  duties. 

Adjustable  duties  of  two  kinds  were  xlailarly  blocked  out  on  the  exogenous  tape.  One  kind  provided 
one  day  per  month  for  each  squadron  aaidier;  the  other  kind  provided  a period  of  four  days  of  duty  every 
two  months  to  simulate  those  duties  that  could  be  performed  when  each  squadron  meeker  was  not  Individually 
needed  for  a mission  flight  or  Its  subsequent  free  tlae. 

The  exogenous  tape  was  then  compiled  in  calendar  order.  The  Initialization  values  were  fed  Into  the 
program  and  the  run  was  begixi.  Data  were  allowed  to  accumulate  on  the  transaction  (history)  tape  until 
the  notices  of  the  passage  of  sliailatcr  tlae  at  the  console  Indicated  that  180  days  had  been  sliuleted. 

He  will  now  lo^  at  two  of  the  output  variables  computed  froa  that  transaction  tape,  after  the  run 
had  bu'n  co^>leted.  In  order  to  analyze  what  was  going  on.  First,  iflth  the  exception  of  the  first  two 
15-day  periods,  wc  achieved  the  planned  utilization  rate  (UR)  of  5.2.  These  first  two  periods  arc  not 
rcpreacntatlvc  because  we  begin  at  tlzm  zero  with  all  planes  at  hone  base.  Hhlle  It  would  have  been 
possible  for  us  to  distribute  men  and  planes  throughout  the  system  In  an  attempt  to  approxliwte  their 
condition  at  time  zero  It  was  actually  easier  merely  to  run  the  program  Itself  for  a wnlle  to  achieve 
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thl«  dlatrlbutlon.  ttx  cveraite  UR  of  5>19  was  actually  achieved  for  the  final  ten  periods.  There  were  no 
■lesions  cancelled  during  this  run,  while  nine  missions  were  rescheduled  during  the  sis  aonthw'  simulation. 

With  an  expected  utilisation  ratio  of  S.2  for  a 30-day  month  with  16  planes  and  40  crews  we  would 
anticipate  on  tha  average  that  each  crew  meahar  would  fly  62.4  hours  per  30-day  month.  On  the  actual  run 
If  we  Ignora  the  first  one  month  of  getting  the  r>ystai  running,  the  average  flight  time  per  parson  for  the 
last  five  months  of  the  simulation  was  62.52  hours.  Now  we  know  that  In  actual  practice  some  people  get 
much  more  than  this  and  some  less.  Such  variations  would  be  expected  to  change  from  month  to  month,  both 
as  to  average  and  as  to  distribution  within  the  squadron,  and  they  would  change  even  more  when  various 
changes  are  made  In  workload,  resources  and  policies. 

RESIT.TS 

Since  the  major  factors  affecting  the  performance  of  the  system  are  the  wri-kload  stresses  laid 
It  and  the  resources  made  available  to  It,  vs  made  several  runs  to  compare  the  ic^pcnses  of  the  system  to 
variations  In  these  factors.  For  a fixed  complesient  of  16  planes  the  resourcea  msde  available  can  be  sum- 
marized by  the  number  of  alrcrewmen  or  crews  made  available,  expressed  succinctly  as  the  crew  ratio  (CR)  or 
nuaber  of  crews  per  aircraft.  In  order  to  maintain  simplicity  and  assure  that  any  effects  observed  can  be 
reasonably  attributed  to  the  factor  being  Investigated  we  ran  an  equal  number  of  loadmasters,  fll^t  en- 
gineers, navigators,  co-pllots  and  pilots.  As  three  levels  of  CR  encompassing  the  range  of  values  of  opera- 
tional Interest  we  chose  2.50,  3.44,  and  4.38,  %dilch  are  the  ratios  resulting  from  assigning  40  crews,  55 
crews,  and  70  crews  respectively  to  the  squadron. 

The  workload  may  be  expressed  In  various  ways;  for  a fixed  number  of  planes  such  as  we  are  using.  It 
nay  be  conveniently  expressed  by  the  utilization  rate  (UR)  which  Is  the  average  nuaber  of  hours  flown  per 
day  per  aircraft.  By  choosing  to  use  the  single  idsslon  type  described  above.  In  the  Illustrative  run  and 
by  calling  for  2,  3,  and  4 such  ailsslons  per  day  respectively,  we  established  UR  values  of  5.2,  7.8  and  10.4 
as  planned  utilization  rates.  By  making  one  run  at  each  co^lnatlon  of  CR  and  UR  values  and  holding  all 
other  factors  as  constant  as  possible,  we  created  the  data  that  would  enable  a comparison  of  the  combined 
effects  of  these  two  factors.  Nine  simulation  (3  CR's  x 3 UR's)  are  sufficient  to  analyze  the  coiri>lned 
effects.  We  will  now  look  at  the  results  of  this  set  of  nine  runs. 

The  primary  outcome  of  significance  to  the  managers  of  a jet  airlift  system  Is  the  achieved  utiliza- 
tion rate.  This  Is  shown  for  each  run,  along  with  percentage  figures  for  missions  cancelled  and 
missions  rescheduled.  In  Table  I. 

TABLE  I 


UR  achieved  and  cancelled/rescheduled  missions 


PROGRAMMED  UR 


CR  - 

2.50 

UR  achieved 

Percent  missions  cancelled 
Percent  missions  rescheduled 

5.2 

NONE 

3 

6.8 

13 

2 

5.7 

45 

2 

UR  achieved 

5.2 

7.8 

9.7 

CR  - 

3.44 

Percent  missions  cancelled 

NONE 

NONE 

6 

Percent  missions  rescheduled 

2 

4 

6 

UR  achieved 

5.2 

7.8 

10.2 

CR  - 

4.38 

Percent  missions  cancelled 

NONE 

NONE 

2 

Percent  missions  rescheduled 

2 

4 

5 

The  achieved  URs  are  shown  graphically  In  Figure  1.  It  can  be  seen  that  one  cell  In  this  nine-cell 
matrix  showed  marked  system  t ^gradation:  the  combination  of  crew  ratio  of  2.50  and  UR  of  10.4.  In 

three  other  cells  (CR/UR  > 2.50/7.8,  3.44/10.4,  and  4.38/10.4)  there  were  problems,  as  evldencad  by 
the  number  of  cancellations  which  produced  a UR  well  below  that  programmed.  Obviously  the  system  Is 
being  stressed  at  a programmed  IfR  of  10.4:  slightly  with  a crew  ratio  of  4.38,  a little  more  with 

a crew  ratio  of  3.44,  and  drastically  with  a crew  ratio  of  2.50.  /t  the  planned  UR  of  7.8, 
cancellations  drop  the  achieved  UR  noticeably  for  CR  - 2.50;  for  the  other  two  crew  ratios  there  are 
no  cancellations  and  the  UR  Is  being  achieved  but  the  number  of  reschedulings  Is  slightly  higher  than 
In  the  first  column.  Indicating  that  the  system  Is  probably''^  the  threshold  of  degradation.  In  the 
runs  with  programmed  UR  of  5.2,  that  UR  was  achieved  wltii  no  cancellations  and  a minimum  of  reschedulings 
although  the  reschedulings  with  the  smallest  crew  ratio  of .2.50  averaged  slightly  higher  than  under  the 
other  conditions,  suggesting  again  that  this  combination  of  crew  ratio  and  UR  might  be  Just  under  the 
threshold  of  degradation.  In  suimmry,  an  adequate  crew  pool  Is  a necessity  If  an  airlift  systam  Is  to 
avoid  system  degradation.  Conversely  there  Is  little  systemwide  gain  for  an  overly  generous  crew  pool. 
And  this  simulation  tool  pro.''des  a meaningful  method  of  determining  adequacy. 


i 


(HOURS) 


Fig.  1.  .\chleved  vs  prograaned  utilization  rates 


Tlie  effects  of  Increased  workload  for  fixed  resources  are  auch  as  one  would  have  anticipated, 
with  one  possible  exception.  At  the  crew  ratios  of  4. 38  and  3.44,  cancellations  appeared  Indicating 
stress  only  at  the  highest  UK  while  reschedulings  gradually  Increased.  At  the  low  CR  of  2.50  the 
system  was  Just  able  to  handle  a UR  of  5.2,  suffered  serious  degradation  at  an  atteapted  UR  of  7.8, 
and  at  an  atteapted  UR  of  10.4  achieved  a utilization  of  even  less,  trtilch  aay  surprise  soas  people 

at  first  reading.  Basically,  In  trying  to  disperse  the  scarce  crew  resource  throughout  the  systea 

to  accoBBodate  a high  rate  of  flow,  the  squadron  was  left  with  too  few  at  hoae  base  to  get  the  zdlsslons 
off  the  ground  and  the  effects  of  cancellations  kept  ballooning.  Experienced  operational  officers 
will  recognize  this  principle  In  their  own  past  under  highly  stressed  conditions. 

Anotlier  aajor  variable  used  by  MAC  headquarters  In  aanaglng  Its  world-wide  airlift  systea  Is 
average  flying  time  per  aonth  per  alrcrewaan.  As  In  the  case  of  utilization  rates  there  Is  prograaaed 
flying  tlae  and  achieved  flying  time.  Average  achieved  flying  tlae  per  30-day  period  for  each  of  the 
nine  runs  Is  displayed  In  Table  11.  As  anticipated  the  flying  tlaes  increased  for  fixed  CR  as  UR  Is 

Increased,  except  that  In  attcaptlng  to  exceed  a UR  of  7.8  with  a CR  of  2.50  the  average  flying  tlae 

Is  actually  decreased:  a dcop-off  under  stress.  If  the  squadron  Is  aanned  at  an  effective  crew  ratio 
of  3.44,  It  Is  able  to  handle  a workload  between  utilization  ratios  of  8 end  10  with  an  average  aonthly 
flying  tlae  for  the  squadron  of  between  70  and  85  hours.  Individual  tlaes  will  vary  widely  froa  person 
to  person  and  froa  snnth  to  aonth  In  a way  that  can  be  deduced  froa  the  slaulatlon. 


TABLE  11 

Average  flying  tlae  per  aonth  (In  hours) 


PROCRAMfED  UTILIZATION  RATE 


Crew 

ratio 

5.2 

7.8 

10.4 

2.50 

62 

81 

69 

3.  *4 

45 

68 

85 

4.38 

36 

53 

70 

T'  ere  Is  another  asasure  which  Is  pertinent  to  the  question  of  trhether  aanpower  Is  Interfering  with 
proper  utilization  of  the  systea.  This  Is  the  nusiber  of  tlaes  that  a plane  Is  delayed  In  taking  off  due 
to  lack  of  a legal  crew.  We  express  It  as  a percentage  of  total  nusiber  of  legs  flown  and  display  the  re- 
sults In  Table  111.  These  figures  Indicate  that  there  Is  little  difference  whether  a squadron  Is  wanned 
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at  a Ct  laval  of  2.50  or  3.44  a'-aca  tho  percantaita  of  dalaya  dua  to  lack  of  craw  aaaaa  to  ba  aaaantlally 
tha  aaM  on  aach  llna.  Hotlca,  howavati  that  thia  ia  a parcantaga  of  laga  actually  flom,  ao  uhat  thaaa 
flguraa  aay  la  that  onca  a alaalon  la  lawchad  on  Ita  way  wa  have  plenty  of  atage  r.rawa  to  kaap  It  going. 
The  atraaa  o.’’  higher  workloaUa  In  thla  aat  of  nine  runs  was  fait  in  reachadullng  aad  cancellation  but  not 
In  dalaya  down  tha  llna. 


TABLE  III 

Plant:  dalaya  due  to  lack  of  crew 
(Parctnt  of  take-offs  thus  delayed) 

PROGKAIWED  UTILIZATION  RATE 


Craw 


ratio 

5.2 

7.8 

10.4 

2.50 

8 

4 

3 

3.44 

8 

5 

4 

4.38 

8 

5 

4 

Enrouta  waiting  la  a neasura  which  our  slnulations  have  denonstrated  is  very  Inportant  in  indicating 
whether  or  not  the  aystan  la  wasting  Its  fianpawar  tainacasiarily  In  the  stage  pools,  as  well  as  a ■aaaure 
which  reflects  one  source  of  lowered  crew  norale  when  It  becones  ercesalvely  high.  One  period  of  enroute 
waiting  begins  at  the  tlsM  the  crew  cowpletes  the  reqi’ired  crew  rest  after  the  previous  leg,  and  extends 
intll  the  crew  begins  its  travel  to  the  briefing  office  for  the  following  flight.  The  average  such  wait- 
ing time  in  hours  ia  displayed  for  each  of  the  nine  runs  in  Table  IV. 


TABLE  IV 

Average  nunber  of  hours  of  enroute  waiting  at  each  staging 
point  after  coapletlon  of  required  crew  rest 

PROGRAfWED  UTILIZATION  RATE 

Crew 


ratio 

5.2 

7.8 

10.4 

2.50 

11 

14 

29 

3.44 

11 

11 

12 

4.38 

11 

11 

11 

Here  we  see  the  'faults  of  a constant  stage  policy  in  all  but  three  coad>in.ntlons~these  being  three 
of  the  four  where  systew  degradation  has  already  been  noted.  Vfticn  the  systaa  begins  to  break  down,  crews 
start  spending  wore  tlwe  in  stage  pools,  are  thereby  less  available  for  further  ssslgnaant  at  howe  base, 
thereby  creating  further  cancellations  and  extending  the  staging  periods  of  those  crews  that  are  sent  out, 
in  a vicious  circle.  The  asKnint  and  direction  of  degredation  shown  by  this  variable  are  consistent 
with  that  noted  in  the  achieved  UR  and  in  the  cancellatli-n  and  rescheduling  neasures  reviewed  earlier. 

We  now  coae  to  a set  of  neasures  connected  even  wore  directly  with  crew  aanaganent  and  crew  welfare. 
The  first  is  the  elapsed  tine  between  two  departures  fron  hone  base  by  the  sane  individual,  neasured  in 
days.  The  average  such  tine  between  departures  for  the  whole  squadron  during  the  run  is  displayed  in 
Table  V.  As  one  would  anticipate,  the  tine  between  departures  increases  with  increased  crew  ratio. 
Slnilarly  the  tine  between  departures  falls  off  as  the  UR  Increases,  except  that  when  the  systan  gets  In- 
to stress  and  nlssions  begin  to  get  cancelled  the  tine  between  departures  levels  off  and  even  rises, 
yielding -another  Indicator  of  break  point. 


TABLE  V 

Tine  between  departures  (in  days) 
PROGRAWffiD  UriLIZATIUH  RATE 


Crew 


ratio 

5.2 

7.8 

10.4 

2.50 

20 

15 

18 

3.44 

28 

18 

15 

4.38 

35 

23 

18 

The  ntasure  "tine  at  hone"  is  one  of  the  nore  inportant  areas  of  concern  to  alrcrswnsn.  This  ntasure 
refers  to  tine  at  hosM  base  between  nlssions,  neasured  In  days.  The  squadron  average  for  the  tine  at  hone 
between  nlssions  for  each  of  the  nine  runs  Is  presented  In  Table  VI.  For  a fixed  crew  ratio,  the  tine  at 
hone  drops  off  with  Increasing  utilisation,  apparently  to  a botton  or  nlnlnun  value.  Unless  the  systen  la 
unduly  stressed,  the  tine  at  hone  naturally  rises  with  increasing  crew  ratio. 
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TABU  T1 

Tlae  at  hou  batwam  alaalona  (In  daya) 
PROGKAWCID  UTILIZATION  RATE 


Crew 


ratio 

5.2 

7.8 

10.4 

2.50 

10 

5 

5 

3.AA 

18 

9 

5 

4.38 

25 

14 

8 

The  coapleaentary  Beaaure,  tlaa  away  froa  hoaa  per  alaaion,  again  ahowa  (aee  Table  VII)  that  ona  af- 
fect of  degraded  eyetea  perforaanca  lu  to  lengthen  the  crew  tlae  away  froa  hoae,  and  the  aaoiait  of  length- 
ening appeare  to  reflect  the  aaount  of  etreao.  Note  tha  alight  rlae  la  the  top  center  and  right  center 
valuee  la  well  ae  the  alaoat  SOX  Increaae  In  tha  upper  right  comer  over  the  etabla  imetraaead  valuae. 


TABU  TII 

Tlae  away  froa  hoae,  per  alaaion  (In  daya) 
PROCRAHKEU  UTILIZATION  RATE 

Crew 


ratio 

5.2 

7.8 

10.4 

2.50 

mm 

10.3 

13.5 

3.44 

9.4 

9.8 

4.38 

IS 

9.4 

9.5 

I The  acaaure  idilch  coaftlnaa  aeny  of  the  foraer  ne^uraa  of  keen  Intaraat  both  to  aanageaant  and  to 

peraonnel  alike  la  the  work-aonth-hour  aeaaura,  «dilch  la  uaad  aapeclally  In  aanpcwer  planning  to  deacrlba 
tha  niaber  of  houra  per  aonth  that  on  alrcrewaan  la  at  bork— on  duty  that  la>  Let  ua  conputa,  froa  tha 
alaulated  operatlona,  a figure  oa  cl<.  la  as  possible  to  actual  work-aonth-hours  achieved.  Ue  will  do  this 
by  adding  together  In-fllght  tlae,  pre-flight  tlae,  raip  tlae  (crews  ready  but  waiting  for  plana  to  be 
ready),  adjustable  duties,  fixed  duties,  unscheduled  leave,  and  enrouta  waiting.  Thus,  idille  on  a alaslon, 
that  tlae  spent  In  required  crew  rest  would  not  be  counted  toward  tha  work'^oalh-hour  aeasura  but  all  other 
tlae  would  be.  In  order  to  be  coeparabla  with  other  uses  of  this  aeasure.  It  seeead  nacassary  for  us  to 
neke  seat  odjustaents.  Three  of  the  aeasures  Included  above  would  count,  for  exaapla,  an  entlra  day  of  be- 
ing sick  os  2A  hours  against  tha  work-aonth-hour,  whereas  the  proper  definition  allows  only  for  eight  hours 
of  each  work  day  that  would  be  alssed  due  to  Illness.  Slallarly,  figures  for  Isavc  ara  custoaarlly 
vlsusllsad  In  taras  of  eight  hours  per  day  while  they  were  accuaulated  at  2A  hours  per  day  on  our  trans- 
action tape.  For  that  reason.  In  accuaulatlng  our  work-aonth-hour  achieved  figures,  we  accuaulated  the 
loiacheduled  leave,  the  odjustabla  duties  snd  the  fixed  duties  and  divided  the  total  by  three  before  incor- 
porating thesa  three  cooponents  Into  the  work-aonth-hour  total.  All  other  coaponents  aentioned  above 
ware  added  In  full.  The  avcraga  work-a»nth-hour  thus  coaputed  Is  displayed  for  aach  of  tha  nine  runs 
In  Table  Vlll.  In  the  low-CR/hlgh-UR  coablnatlon  the  pcrsoniel  were  being  very  highly  stressed  over  sn 
axtendad  slx-aonth  period  even  though,  as  other  aeaauraa  showed,  the  production  of  the  systsa  was  falling 
off.  The  slaulatlon  at  present  does  not  have  any  psychological  or  physiological  factors  built  Into  It; 

In  actual  operations  further  degradation  of  the  systea  would  be  anticipated  due  to  tha  loss  of  efficiency 
by  aircrew  personnal. 


TABLE  Till 

Work-aonth-hours  at  1/30  staging  policy 


PROCRAWCS  UTILIZATION  RATE 

Crew 


ratio 

5.2 

7.8 

10.4 

2.50 

210 

286 

354 

3.44 

162 

220 

278 

4.38 

136 

182 

227 

VERIFICATION  OF  THE  SDVLATICH  FNOCRAM 

Although  we  have  already  seen  that  we  can  depend  upon  the  slaulatlon  to  function  according  to  the 
policy  rules  and  distributions  idilch  we  give  It,  we  should  coapsra  slaulatlon  results  against  observed 
operational  results  to  assure  oorselves  that  there  le  a aodlcua  of  reality  In  the  fnactlonlng  of  our 
slaulatlon  progroa  before  we  start  to  draw  any  further  cooclnalona  dbout  operational  pollclea  froa  our 
slaulatlons.  To  do  this  let  ua  tom  to  operational  data  which  suaaerlsed  the  axperlanca  for  pilots  of 
the  9th  sod  7Sth  Military  Airlift  Squadrons  over  a slx-aonth  period  froa  April  :o  Septenber  19t7. 

The  utilisation  ratio  they  experienced  was  7.98  hours  per  day;  we  will  therefore  use  our  results  at 
the  programed  UR  of  7.8  hours  per  day.  The  study  reports  an  effective  craw  ratio  of  2.76  for  pilots 
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available  aud  trained,  which  la  2/. 66  percent  of  the  way  froa  a CR  of  2.50  to  a CX  of  3.44.  We  will 
therefore  interpolate  between  our  reaulta  for  thoae  two  crew  ratloa  In  order  to  get  cooperative  flgurea. 

We  notice  further  that  during  the  period  of  the  atudy  the  nuaber  of  crewo  In  atage  waa  not  exactly  that 
uaed  In  the  alaulatlons  prevloualy  deacrlbed  (1  In  30).  The  average  for  the  three  atage  polnta  of  Yokota, 
Clark  and  Wake  waa  reported  to  be  1 In  40.  We  have  found  tlie  ataglng  to  have  a decided  effect  on  the 
reaulta,  ao  we  auat  acaehow  account  for  this  difference  In  staging.  This  we  can  do  by  using  an  additional 
set  of  runs  we  aade  holding  stage  policy  constant  at  1 in  45  but  with  all  other  conditions  the  ssae  as  be- 
fore. An  interpolation  one-fourth  of  the  way  fron  1/45  to  1/30  between  the  ttro  nuabers  achieved  for  the 
programed  UR  of  7.6  will  then  produce  a slnulation  figure  to  be  coapared  to  the  operational  figure. 

Let  us  first  look  at  the  work*«onth-hours,  which  Measure  was  the  principal  one  used  in  the  operational 
suaaary.  The  total  work-aonth  reported  for  the  pilots  in  these  squadrons  during  this  period  wa^  231.6 
hours. 

On  tha  bottoB  line  of  Table  IX  our  slaulated  work-«onth-hours  for  a CR  of  2.50  is  shown  as  241  when 
adjusted  for  a 1/40  staging  policy.  Slailarly,  simulated  results  would  be  a work-aonth  of  165  hours  for 
a CR  of  3.44  when  adjusted  for  a 1/40  staging  policy.  Interpolating  between  these  we  calculate  a slaulated 
work-aonth-hour  of  225  to  be  compared  with  Che  observed  figure  of  231.6  hours.  This  is  an  exceptionally 
good  corroboration  when  we  consider  Chat  Che  observed  figures  sre  averaged  over  two  different  squadrons 
using  a varying  niMber  of  stage  crews  and  are  based  on  overall  averages  of  aany  kinds  of  real  conditions. 
Futhamore,  our  simulated  figure  could  staad  to  be  adjusted  slightly  upward  for  the  7Z  by  which  the  observed 
utilisation  ratio  of  7.96  lies  above  7.6  in  the  direction  of  1C. 4.  We  will  not  atteapt  to  calculate  this 
last  adjustment  since  it  would  be  expected  to  be  rather  fine  anyway.  We  will  examine,  however,  the 
several  work  elements  which  go  into  Che  total  work-month  to  assure  ourselves  that  the  consistency  of  simu- 
lation %fith  reality  carries  through  with  each  of  these  work  elements. 


TABLE  IX 

Comparison  of  work-nonth-hour  elements  against  operational  results 


CR  - 2.50 

CR  - 

2.76 

CR  -3.44 

1/45 

1/40 

1/30 

1/40 

1/45 

1/40 

1/30 

Slaulated 

Interpolated 

Simulated 

Calc. 

Oper. 

Simulated 

Interpolated 

Simulated 

AF  Nonavailable 

29.4 

29.3 

29.1 

29.4 

33.0 

29.6 

29.5 

26.7 

Tine 

Ground  Training 
Sq.  Addl.  Duties 
Sq.  Alpha  Alert 

13.4 

13.7 

14.6 

13.2 

14.0 

11.3 

12.0 

12.5 

Enroute  Alert 

52.3 

70.3 

124.2 

63.3 

66.1 

33.3 

45.1 

60.5 

Flyicg  Hours 

90.3 

68.0 

61.1 

82.4 

81.9 

67.8 

67.9 

66.1 

Pre-flight  Hours 

40.4 

39.5 

36.7 

37.0 

36.6 

30.6 

30.5 

30.4 

Total  work-month 

225.6 

240.8 

265.7 

225.3 

231.6 

173.3 

165.0 

220.2 

Col  (2)  is  interpolated  between  Col  (1)  and  Col  (3) 
Col  (7)  is  interpolated  between  Cci  (6)  and  Col  (8) 
Col  (4)  is  interpolated  between  Col  (2)  and  Col  (7) 


In  the  body  of  Table  IX  we  present  the  comparison  of  the  work -month-hour  elements  interpolated  from  the 
simulations  against  those  gathered  operationally.  Tlie  first,  third,  sixth,  and  eighth  columns  in  this  table 
are  actual  results  frcm  runs  previously  rentioned.  The  second  column  Is  interpolated  between  the  first  and 
third  columns  to  adjust  for  1/40  stsge  policy.  Similarly,  the  seventh  column  Ic  interpolated  between  the 
sixth  and  eighth  columns  to  adjust  for  1/40  stage  policy.  Finally,  we  interpolate  again  between  the  second 
and  seventh  columns  to  adjust  for  the  crew  ratio  2.76  and  place  this  result  in  the  foutth  column  alongside 
the  operational  results  in  the  fifth  column. 

Except  for  two  items  these  overall  averages  are  only  tenths  apsrt.  In  the  case  of  the  Air  Force 
nonavailable  time  we  put  into  the  simulation  about  32  hours  but  got  back  only  29.4  hours.  This  is  probably 
due  to  our  handling  of  crew  members  who  "fell  sick"  while  away  from  home  base  on  a mission.  To  avoid  having 
to  provide  the  mechanism  for  switching  the  membership  of  crews  while  out  on  s mission,  and  excusing  our- 
selves on  the  basis  that  an  aircrew  member  only  slightly  ill  would  prefer  to  continue  with  his  crew  if 
at  all  able  to  function,  we  simply  ignored  that  sick  leave  which  fell  during  an  away-frem-home  period, 
thereby  reducing  the  total  time  spent  in  Air  Force  nonavailable  time.  The  only  other  element  differing 
by  more  than  half  an  hour  is  enroute  alert,  which  differs  by  less  than  three  hours.  When  we  consider 
that  both  of  the  figures  being  compared  were  obtained  by  rather  broad  interpolations  and  composite  calcu- 
lations, and  when  we  consider  how  sensitive  this  figure  is  to  stage  policy,  it  is  an  extremely  good  fit. 

Although  only  a single  comparison  of  simulation  results  with  data  from  actual  operations  is  obviously 
not  adequate  to  prove  the  realism  and  validity  of  the  simulation,  the  results  in  this  case  are  very  en- 
coureglng. 


CALCULAT1.9G  A CREW  RATIO 

We  have  shown  how  the  influence  of  crew  ratio  and  utilisation  ratio  on  each  of  several  variables  could 
be  studied  by  presenting  the  results  of  nine  simulation  runs  in  a square  array  for  each  variable.  Before 
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trying  to  build  • coapoait*  pictur*  of  the  njCM.  effect  let  ua  aake  uae  of  the  technlqua  praeanted  in  an 
earlier  report  uoich  related  the  outcoaea  of  e aiauletion  in  tana  of  the  ratio  CK  over  UK.  While  in  the 
foraar  report  we  explored  aeverel  approechea  to  thia  ratio,  we  will  bare  confine  ourael.vaa  to  prograaaad 
CK/OK.  One  of  the  principal  reaaona  for  aettling  on  the  uae  of  prograaaad  OK  rather  than  achieved  UR 
ia  that  the  ratio  than  can  be  uaed  eeaily  for  planning  purpoaca  aince  the  prograaaed  UK  ia  known  at 
planning  tiae.  While  either  OR  over  CR  or  CR  over  OR  could  be  uaed  to  tell  the  aaae  Inforaatlon  we 
chooee  the  letter,  prlaarily  becauae  a fraction  leaa  than  one  will  not  be  confuaed  with  one  of  the  retioa 
UR  and  CR.  For  quick  reference  tM  oiapley  thia  ratio  in  Table  X for  each  of  the  CR/UR  coablnationa 
dlacuaaed  thua  far.  We  will  now  riiow  how  the  verloua  previoualy  deacribed  output  aeaaurea  of  the  alau- 
letlona  very  when  releted  to  the  CR/UR  ratio  and  then  proceed  to  uae  thia  inforaatlon  In  dlacuaalng  the 
aelectlon  of  an  optlaua  crew  ratio. 


TABLE  X 

Veluea  of  the  retlo  CR/UR 


PRCQtAMSD 

UTILIZAIIOH 

RATE 

Crew 

ratio 

5.2 

7.8 

10.4 

2. SO 

.48 

.32 

.24 

3.44 

.66 

.44 

.33 

4.38 

.84 

.56 

.42 

Flrat,  let  ua  conaidcr  the  principal  evidence  of  ayatea  atreaa — the  inability  to  aove  the  planned 
loed.  One  wey  to  dlapley  thia  inability  ia  by  relating  the  echieved  UR  to  the  prograaaed  UR,  which  we 
expreaa  aa  e percent  decreaae  in  prograaaed  W.  Precticelly  idraticel  inferencea  can  be  drawn  here  by 
atudylng  the  percentege  of  aiaaion  cancellationa,  which  yielda  alapler  figurea.  In  operational  aitue- 
tiona  theee  alght  not  ateaure  the  aaae  thing  beceuae  there  aight  be  e tendency  to  cancel  the  longer 
aiaaiona  in  favor  of  the  ahorter,  or  aoae  auch  biaa,  but  in  our  siauletiona  the  feet  that  ell  aiaalona 
were  alike  peralta  ua  to  uae  the  percentege  cancellationa  to  acudy  thia  effect.  In  Figure  2 we  have 
plotted  the  percentege  of  aiaalona  cancelled  egainat  the  CR/UR  ratio  without  aaintaining  the  atructure 
of  the  aiauletlon  aatricea  aa  we  have  been  doing  up  to  thia  point.  In  addition  to  the  originally  dea- 
cribed nine  rune  having  atege  policy  1/30  we  have  diapleyed  an  additional  net  of  alx  nina  having  atege 
policy  1/60.  Note  that  for  both  policiea  there  ia  e aherp  break  around  ratio  .33,  nigna  of  low  level 
ayatea  atreaa  between  .33  and  .47,  with  aero  atreaa  above  that  figure.  Although  the  degree  of  atreaa 
reprenented  by  percent  cancellation  ia  leaa  for  the  ataging  ratio  1/60,  the  regiona  of  valuea  of  CR/UR 
in  idiich  atreaa  occura  aaea  to  be  eaaentielly  the  aawe  regerdleaa  of  ateging  ratio. 


PROGRAMMED  CR/UR 


Fig.  2 Percent  of  aiaaiona  cancelled  va  CR/UR  retlo 


.<law  let  ua  turn  to  the  queatlon  of  aclecting  a ' rew  retlo.  We  have  aecn  bow,  even  after  aaklng  other 
runa  for  other  conatant  atage  policiea,  our  rcaulta  atlll  conalatently  reinforce  our  prevloua  finding  that 
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•tret*  condition*  do  not  Mca  to  exist  above  e CK/UK  retlo  of  about  .47,  that  there  Is  gradual  syjtaa 
degradation  for  CR/UP.  retlo*  down  to  about  .33,  and  that  there  1^  e aarked  rapid  degradation  below  that. 

He  are  led  to  the  existence  of  e tone  of  CR/UR  retlo*  between  .35  and  .47  wherein  e)  the  ayaten  la  at 
the  point  of  alld  atreaa  degradetlon  laplylng  full  use  of  fecllltlea  and  b)  aircrews  ere  functioning 
et  e full  but  not  overly  stressed  work  level.  The  logic  of  our  previous  work  for  choosing  a CR  still 
stands: 

1)  dotenlne  the  h'ghest  UR  that  nay  be  prograaaed  ary  length  of  tlae.  If  e UR  la  sialntalned  long 
enough  to  be  recorded  In  the  reporting  statistics  then  preausMbly  It  will  have  been  aalntalned  long 
enough  for  Its  stress  effects  to  occur. 

2)  choose  a cote  crew  ratio  which  wist  absolutely  be  above  the  low  end  of  the  zone  for  this  UR  In 
order  to  avoid  serloue  syctes  breakdowns  due  to  lack  of  crews. 

3)  preferably  choose  a core  crew  retlo  et  or  above  the  alddle  of  the  allght-degradetlon  zone  for 
this  UR. 

To  be  precise  consider  a syateaw  planner  who  wished  to  fly  a routine  progran  of  utlllzetlon  retlo 
6.5  while  nalntelnlng  the  capability  to  fly  e desuuid  prograa  of  utlllzetlon  retlo  8.0  for  extended  periods 
without  creating  frequent  systea  crises.  Ue  will  need  to  use  the  Information  In  Table  XI.  Manning  et  e 
crew  retlo  of  at  least  2.80  Is  Imperative;  this  would  yield  a CR/UR  ratio  of  .43  for  the  routine  program- 
cancellations  running  routinely  around  one  percent.  In  the  extended  periods  of  UR  • 8.0,  CR/UR  would  be 
.35  with  cancellations  running  to  five  percent  of  programawd  workload.  This  represents  continual  evidence  of 
marginal  ooeretlons  and  the  ever-present  possibility  of  e serlotM  Inability  to  perform  the  mission.  To 
accoBBodete  the  extended  periods  of  UR  • 8.0,  a crew  retlo  of  et  least  3.44  Is  advisable.  At  this  level 
routine  operations  would  be  at  CR/UR  • .53  yielding  no  cancellations  so  that  the  programmed  workload  Is  being 
accommodated  tdthout  overstrzsalng  or  under-utilizing  crews.  Extended  periods  of  UR  ■ 8.0  would  yield  around 
one  percent  cancellations  so  that  the  system.  Including  crews,  1*  slightly  stressed  but  still  has  a reserve 
margin  for  peak  short-term  demands  without  serious  failure. 


TABLE  XI 

Core  crew  ratios  related  to  CR/UR  ratio 


PROGRAMMED  UR 


5.0 

5.25 

5.5 

5.75 

6.0 

6.25 

6.5 

6.75 

7.0 

7.25 

7.5 

7.75 

8.0 

.33 

1.65 

1.73 

1.82 

1.90 

1.98 

2.06 

2.14 

2.23 

2.31 

2.39 

2.48 

2.56 

2.64 

.35 

1.75 

1.84 

1.92 

2.01 

2.10 

2.19 

2.28 

2.36 

2.45 

2.54 

2.62 

2.71 

2.80 

.37 

1.85 

1.94 

2.04 

2.13 

2.22 

2.31 

2.40 

2.50 

2.59 

2.68 

2.78 

2.67 

2.96 

.39 

1.95 

2.05 

2.14 

2.24 

2.34 

2.44 

2.54 

2.63 

2.73 

2.83 

2.92 

3.02 

3.12 

.41 

2.05 

2.15 

2.26 

2.36 

2.46 

2.56 

2.66 

2.77 

2.87 

2.97 

3.08 

3.18 

3.28 

.43 

2.15 

2.26 

2.36 

2.47 

2.58 

2.69 

2.80 

2.90 

3.01 

3.12 

3.22 

3.33 

3.44 

.45 

2.25 

2.36 

i.48 

2.59 

2.70 

2.81 

2.92 

3.04 

3.15 

3.26 

3.38 

3.49 

3.60 

.47 

2.35 

2.47 

2.58 

2.70 

2.82 

2.94 

3.06 

3.17 

3.29 

3.41 

3.52 

3.64 

3.76 

.49 

2.45 

2.57 

2.70 

2.82 

2.94 

3.06 

3.18 

3.31 

3.43 

3.55 

3.68 

3.80 

3.92 

.51 

2.55 

2.68 

2.80 

2.93 

3.06 

3.19 

3.32 

3.44 

3.57 

3.70 

3.82 

3.95 

4.08 

.53 

2.65 

2.78 

2.92 

3.03 

3.18 

3.31 

3.44 

3.58 

3.71 

3.84 

3.98 

4.11 

4.24 

Sm«UXY 

Ue  have  described  a crew-oriented  computer  simulation  program  which  yields  data  on  system-wide  opera- 
tion In  formats  which  facllltete  managoent  decisions  on  manning,  crew  welfare,  tolerable  workload,  and 
mission  effect  •eneaa.  Typical  data  tiere  presented.  Verification  egalnat  operetlon/il  data  was  reported. 
The  use  of  this  technique  to  derive  e crew  ratio  suitable  for  a wide  range  of  operetlonel  demands  lllus- 
tretea  but  one  application  of  slmuletlon  epproaches.  Both  simple  and  radical  departures  from  existing  and 
aircrew  management  policies  can  be  explored  at  low  coat. 
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DiaCUSSlDII 

H»st  of  this  work  wss  dons  on  eos^tsr  slnulstlons  snd  I prssuas  thst  too  nods 
SOBS  sttsn^  to  vorlfT  or  not  flsld  dots  idileh  would  sllow  you  to  rsehsek  sons  of 
ths  sssunstlonsT 

Us  hsvs  thrss  vslldstlons.  Uhsn  wo  built  our  prngr— m in  had  a saaipla  systan 
In  being  and  vi  put  In  sons  of  tha  varlablas.  Us  than  ran  a prolongad  slnulatlon 
to  SOS  if  un  could  rogoncrata  tha  original  data.  Furthar  at  tha  tins  of  tha 
VlatnMi  war  wa  raportad  that  HkC  could  not  sustain  an  8 hour  par  day  utlllaatlon 
rata.  At  that  tlM  MIC  had  baau  at  tha  8 hour  par  day  utilisation  rata  for  about 
9 or  10  nontha,  but  thay  found  vary  anortly  that  It  was  nacaaaary  to  cut  back 
bacausa  tha  systan  aa  a uhola  was  In  difficulty.  Finally  la  our  nost  racant 
work  ua  haws  baan  flying  nany  wars  Inslda  a conputar  with  va.'luna  profllaa. 

Ua  flaw  tha  31  day  laraall  aplaoda  raaupply  oparatlon. 

Did  you  alnulata  tha  unstabla  condition  of  tha  syatan  and  can  you  naka  sons 
ceanant  on  how  long  tha  systan  takaa  to  stabllaa.  Ara  thara  fawourabla  or 
unfavoorabla  condltlona  to  achlava  thlsT 

Ua  did  not  Intantlonally  alnulata  tha  unatabla  condition  aa  It  occurs  spontan> 
aously  as  a rasult  of  nagatlva  Intaractlons  whan  tha  workload  la  high.  For  an 
airlift  tha  anawar  la  about  20*25  days,  but  fron  this  tins  tha  oparatlon  haglna 
to  dagrada. 


A2-I 


A SIMULATOR  STUDY  TO  IN'«;STIGATii 
HUMAH  Of’EKATOR  WORKLOAD 

by 

R.ii.  Wfwerinke 
J.  Snit 

Rabior.a.  Aercspa-re  Laboratory 
A;;tkor.y  fckk'-rwt.y  ' 

Ams  •-•.-r  Jai-  K) " T 
The  Keihorla'ils 


SUr-WARY 

This  paper  presents  the  resiuts  oT  ar.  er.f  I . rat,ry  experir.ent  wlii 'h  vsii  soi.-lu.ttui  to  investigate 
hunan  response  cr.araoteri  sties  in  cor.tr.^1  situations  _f  ki-ie.y  varying  si  ffi  .-ui  ty . Tbie  experiment 
was  aimed  at  a better  understanding  of  the  human  uferat  r limi’ati  r.s  i;  toms  of  O'lntroi  effort  as 
included  in  the  optimal  control  model. 

Based  on  the  experimenta.  results  a ;-oi.tr_.  effort  injex  is  j res-.-nleu . ihe  "predicted"  c-ntro. 
effort  correlates  excel  lei.t  ly  with  suije 't  ov-c  ratings  ai.-l  st—rui  tt.  nave  a usefu.  generality. 

IKTRlDVJTij:; 

The  ever  increasing  complexity  -f  man-machine  syst- so.  :.ec<  n;  itat-o  a mer-r-  complete  descripti.r. 
of  the  human  capabi.ities  aiil  limitations . 

For  tr.e  modelling  -f  complex  r-cai-.ife  pro*  emu;  the  sy:;tem-:-arp roach  has  proveii  to  be  feasinle. 
The  description  of  the  human  ..perat-r  as  a sutsyster.  inv  .v--s  tnree-  s”ts  ' 1'  variables; 

. input  variables:  envi  r nr-'-nta.  c-nuititns  , t-»sr.  variat.’-s 

. internal  vari  ab .es ; the  state  f tn-  .rgai.is.- , } hysi  . i jgi  cai  an  i psychologi  cal  slate-s 
ac.d  potenti  a.  i tie-s 

• :^’ittut  variab.es:  -v- rt  ;e'>,aviour,  psy -h:  l.gi'-ai  and  psych  physioi-g.cal  phenomena. 

In  the  fie.d  of  manual  cor.tr. i Severn,  "biack  rex"  msiels  .f  the  !,u.mac.  oteratJ.r  have  beer, 
deve-oped  ie.g.  quasi-lincar  pilot  r.ciels,  optimal  csr.trri  mcdc.s,.  Tl.ey  ar-  la.ted  on  output-input 
relationships  ai.i  offer  the  possiniiity  t:  "preulct"  t.he  c.r.tr  .:  :--havi:.ur  ar.  1 system  p-?rf  iTiac.cv 
for  a range  of  control  tasks.  Tliis  apprrach  has  result-  i in  a g^- J k.-.--ul-igi.  cf  the  'cntrc.  chara'- 
teri sties  of  man. 

F.r  the  a-lscati.n  of  f-ur.  ct  i . ns  in  c.mr..--x  ma.-.-mac;.in-  syct-.-r.  - .g.  mar.u-i.  vs.  automati an; 
for  the  specificati  .:.s  of  the  man-mao-.-.  i:.e  Ic.t-c.'actl , risf  i -ly- -.ntr-..  ' .mpat  ib  i . i ty  it  is  ais. 
necessary-  to  have  ar.  insigit  in  t:.-  ir.t-r-ic- i ons  ---tw-.-c:.  tn-  i:.;ut  .--cri  a;  . -r  -tnl  t.he  i.-.t-ernai  vari- 
ables. T).e  d.jmani  .f  the  •ask  (in  tt;rr.s  .f  att-nt.  :.  r-”;-:ir-  b -;r.:i:.-  : with  th-  -.-.vi  r_  nm-c’.tai 
c.nuitions  ca.n  be  label. -cd  as  w.rk-oai. 

Tl.e  effects  of  this  leal  ^n  tnc  hu.man  -.as  t . oe  ass-'cs-'l  via  m- as  rv.-.t"  .t  of  'utput  variar.-cs  such 

as  perf.rmac.o-.  , q'uali’.y  .f  informati-n  -r.c-ssit.g,  ar.i  :sy-i.  ft.yci-i  g;  cal  } ara-m.  t-.-rc . 

jl-ven  a certai:.  -rit-.-ri  u.m  either  a .-c- fi;.-.- 1,  --cbt-.rr.-i.  -rit-r;-s:.  .r  a s it -t  i v-.- , ir.t--r:.-i. 

criterium  th-  operator  i.as  t.  exert  a certa;:.  am  unb  f vfr. rt  t.  m -t  t.-.is  -ri  • -riu.t.  when  ti.-c 
'asK  b-c..mes  mor-  b“ma;.iing  t.-.-  p-.-.— at.r  "an  mai.-."  ai:.--c  h.s  ; rf  rm-i;.  ■ . -at  t-.-c  -tst  f m.r- 
-ff.rt  i;.-/estme;.  t . Tb.is  -an  tv  c n— -r  t ua . i Se  t in  a limit-  i -apa-ity  m 1-.  tf  ;.  oma:.  in  f . rmati -i.  pr.- 
cfssing  ref.  -i.  Tb.e  d-man  i f 'h-  tasx  -will  i-  r-f.e't--i  in  t!.--  ytrti  :.  ,f  th-  capacity  i :.vc v-c  i 
in  accomplisning  the  task. 

he  condary-  task  meth  is  hav-  t e-.-r.  us-.-d  t.  l-t--rr.i:.  tb-c  Cipa-ity  w:  i -.-as  .-.  t c.nsum-i  ly  the  priruiry- 

tasr. . 

Ar.otr.er  aetl.cd  is  t.  a--as..—  -r-ur;  ati  c.s  i:.  stm--  phy-si  isgi -a.  ; -i.—im--- --rp  as  a funebio;;  f a 
variation  in  tr.e  1-man  i -.f  t:—  tas-r.  IT.-.;-.  m<-thoi.  lave  n t y-’  .'-•■ru.'-cl  ;r.  m"ie'.s  cf  r.ijcr.an  operator 
w rkioad  whi'h  car.  g-.:.-ra.  .y  - app.i-  r. 

for  mar.-uai  -c.r.tr  . pr  ;.-.t.s  i 
mc-.it.ring  ar.d  p.ar.nir.g,  t.h-  -c.r-pt  f 
a.nl  de'vel  .pmer.t  of  mar.-ma -r.i:.--  syst-m.  . 

In  the  next  sect!  .r.  a huma.n  pe.-at.r  irol-.-l  is  disc-s."<d  in  t-rrs  of  t.ti.  i.-i-r.a:.  p-rf.rmac.ce 
optima,  'c.ntro.  moue.  ar.l  c^rtr..  -ff-rt.  Ar.  exp  ..rat'. exp--ric- nt  a.  prtgrair.  is  d-’s.'ribed  which 
was  cond-ucteU  to  b-ui.d  a.-.d  supp.rt  the  gi -ver.  c-t.tr,.  eff.rt  i:.l--x. 

-FTiMAi  ^ :*  :,i:  f tiiiVL;  GchA:.:  i ih- .Rtii;: a;..  -■}■  k. 


r.  -1  .--’s*  ri  - i sec..--  p-rr--  p.  r — j * .a. -m-t ; r tasxs  witnout 
--fC'crt  s.  far  has  harliy  c-"-:.  rpont-.d  in  tr.-c  desig;. 


o.t  '.ptixal  Conor..!  m..ue! . 


in  this  Chi^ter  the  principal  feat-ures  of  t.he  optir*.  cor.tr..  n de.  .f  the  hunar.  as  a feedra-x 
controller  de-reloped  by  Kl-inmat.  et  al  ir.ef.  I,  arc  brief. y dis'ussei.  Tn-  model  is  based  .ptimi- 
satior.  and  estimation  the.ry  and  can  be  -used  for  m-ultivariai  ie  lir.ear  centrsi  systems.  Tb.is  approach 
is  aore  ^prupriat-  for  the  analysis  of  complex  man-machir.e  pr.i  lens  vhlgt.  workload,  m-ultiloop  c--.ilr. 
lituabion]  than  the  con-/entiona.  servo-systems  approach  which  relies  K-a-viiy-  .n  judgements  concerr.i.-.g 
the  closed  loop  system  structure. 


The  Dodel  is  based  on  the  ssstaqition  that  the  well-aotivated,  well-trained  huaao  operator  behaves 
in  a near  optisal  Banner  subject  to  his  inherent  liaitations,  and  constraints  and  his  control  task. 

The  representation  of  the  hissan  liaitations,  as  included  in  the  aodel,  is  discussed  next.  Paragi^ih 
2.1.2.  contains  a systen  and  task  description. 

2.1.1  Human  limitations. 

The  psychophysiological  limitations  of  the  human  operator  which  are  included  in  the  SK>del  are: 

1 . A lumped  equivalent  perceptual  time  delay  T , representing  the  various  internal  time 
delays  associated  with  visual,  central  processing  and  neiiromotor  pathways. 

2.  Controller  remnant  which  is  taken  to  be  the  cosq>onent  of  human  response  that  is  un- 
predictable in  other  than  a statistical  sense.  The  various  sources  of  huBian  randomness 
are  represented  by  errors  in  observing  system  outputs  and  executing  control  inputs  by 
including  observation  noise  and  motor  noise  in  the  model.  Observation  noise  might  re- 
present the  effects  of  random  perturbations  in  human  response  characteristics,  tiiae 
variations  in  response  parameters,  random  errors  in  perceiving  display  variables.  In 
general  it  will  also  depend  on  type,  quality  and  form  of  the  displayed  information. 

Motor  noise  cun  be  t-^sociated  with  randomness  in  executing  the  intended  control  move- 
ments and  (or)  the  fact  that  the  human  does  not  have  ; rfect  knowledge  of  the  control 
inputs . 

3.  Neuroaotor  dyr.aaics  represented  by  a first  order  lag  indicating  that  the  human  operator 
is  not  able  or  willing  to  make  rapid  control  movements. 

The  foregoing  can  be  summarized  referring  to  Figure  1.  It  is  assumed  that  the  human  perceives  a 

delayed,  noisy  replica  of  the  systea  output  which  is  processed  by  an  equalization  network.  This 

network  represents  the  means  by  which  the  human  attempts  to  optimize  his  control  strategy.  The 

comanded  control  (^)  perturbed  by  motor  noise  is  operated  or.  by  the  ne'urcmotor  dynamics  to  provide 

the  control  notion  u. 

2.1.2  System  and  task  description. 

The  human  operator's  basic  task  is  to  control , in  some  way  a dynamic  system.  Both  the  charac- 
teristics of  this  sy.atea  'dynaaic  characteristics,  disturbances  involved,  displayed  variables,  etc.) 
and  the  criteria  which  the  huaar.  cperat.r  is  instructed  (aboe  or  willing)  to  optimize,  determine 
system  perforaar.ee  and  the  load  imposed  or.  the  huaan  operator  to  achieve  this  performance. 

Tb.e  aatheanticai  representation  of  the  task  enviro.nae.tt , the  human  operator's  control  objectives 
and  his  iiaitations  is  (among  others)  given  in  Peference  1. 

2.0.  Jontrol  eff.rt. 

0.2.1  Background. 


Levisor.  ot  al  (Ref.  d]  defi.ne  a workload  index  as  the  fraction  of  the  controller’s  c^>acity 
that  is  required  to  perform  a given  task  to  some  specified  level  of  performance.  The  concept  of 
this  index  is  tased  or.  the  assumption  that  the  human  operator  possesses  a fixed  amount  of  (chani^el) 
capacity  to  be  shared  among  these  tasks.  The  generality  of  this  model  it  limited  because  the  workload 
index  is  highly  task-dependent  and  "calibration"  experiments  are  ..ecessary  to  d-termine  the  human 
operator's  "full"  edacity  in  a given  control  situation.  Next  the  fraction  of  this  "totail"  c^iacity 
can  be  determined  in  multiple-task  situations.  As  such,  the  workload  index  serves  only  as  a means 
for  comparing  the  relative  .oad  iEq>osed  on  the  huzar.  operator  by  various  tasks.  The  next  paragr^h 
contains  a brief  discussion  of  an  experimental  program  which  was  conducted  to  provide  data  for  a 
variety  of  control  situations  to  build  and  validate  an  absolute  workload  model. 

2.S.2  Experiments. 

In  order  to  include  all  possibly  important  characteristics  of  pilot  behaviour  in  control  situa- 
tions of  (our)  interest,  a variety  of  single  axis  control  tasks  were  performed  by  four  well-trained, 
highly  motivated  subjects  (experienced  fighter  pilots).  The  choice  of  the  tasks  was  determined  by 
two  characteristics:  pilot  adaptation  to  the  task  (position-,  rate-,  and  acceleration  control)  and 
the  sensitivity  of  task  performance  to  the  effort  exerted  by  the  human  operator  (level  of  instability). 
The  task  vat  to  regulate  against  a disturbance  input. 

The  experimental  results  (Ref.  3i  were  presented  in  terms  uf  scores  of  system  parameters  of 
interest,  frequency  domain  Masures  (describing  function  and  reeaiant  data),  and  subjective  information 
obtained  by  means  of  rating  scales.  Model  paraawters  (time  delay,  lag  factor,  observation  noise,  and 
motor  noise)  were  obtained  by  fitting  the  experimental  data. 

The  results  have  shown  that 

. for  a variety  of  control  situations  the  available  measures  of  human  operator  behaviour  can 
accurately  be  duplicated  by  the  optia»l  control  model  by  primarily  a variation  in  the 
pertinent  noise  ratios 

. the  values  of  the  noise  ratios  are  task  dependent 

. the  effort  involved  in  achieving  the  pertinent  noise  ratios  is  clearly  determined  by  the 

tasx. 

Baaed  on  foregoing  observations  a control  effort  index  is  proposed  in  the  next  paragraph  con- 
sistent with  some  notions  of  attention  and  effort  of  the  experimental  psychology  (Ref.  k). 


3 -or.rrol  effort  index 


a:-3 


Hunar.  operator  tehsvioar  is  partly  determined  by  neohanisos  that  control  the  choice  cf  stiiol;  , 
by  vhich  is  mear.t  both  seiectiveiy  attending  to  some  stimuli  in  preference  to  others  and  investing 
acre  or  less  attention  p-er  source  of  infcrmati on.  This  car.  be  identified  with  vo.ui.ttry  attent.or. 
reflecting  that  the  subject  attends  tc  the  stiauli  because  of  their  re.evance  for  performing  t.he  tasn 
ei;i  not  only  because  of  theiz  arcusa.  function. 

Ais..  ir.volantar)’  attention  has  tc  be  included  in  a concept  e'"f  rt.  Ti.is  caz.  b-  re.atei  t.he 
leve-  cf  arousal  'Eef.  t)  'and  is  largely  dictated  by  the  properties  c f the  stiauias  situation.  ?ro- 
ceas-ng  noi'el  and  surprising  stimuli  involves  ao.-e  effort  that,  in  the  situation  -..f  aore  faai-iar 
stimuli . 

fctseu  the  f-reg-lr.g  noti..ns  a control  effort  index  is  lefir.ej  which  is  .nignly  cjmpataL.-  wit;, 
the  ..ptimal  cojitro-  model.  The  f.rmer  aspect  iv^luncary  attention  is  i.nc.  rp  orated  terms  of  signal 

t^  twise  ratiu  ..f  the  various  sources  of  information.  This  ca;.  be  i !•  nt.' f.  ed  uitr.  tt.e  amount  -f 
attention  as  indicated  in  heferer.ee  H.e  latter  aspect  l involuntary  attention,  is  included  in  the 
contr--  effort  aetric  ir  terms  of  sensitivity  of  task  performance  arar.-s-puarei  erre.e  cr  err^r  rate, 
t.  the  .nenentar}-  attenti  paid  by  the  subject  as  indicated  by  the  pertinent  signal  t-  noise  rati-s- 


TXT  dh,. 

X 
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where  IF  “ is  tne  variar.ee  cf  puacitity  x whi  :h  is  take.n  as  the  re.eva.nt 
perf.rma.nce  index 

In  control  situati.ns  where  acre  that.  c:.e  sourc-c  of  f.  rmat  ion  is  .f  interest  p s:tl..-r.  inf  r- 
mati.r. , rate  inf. rmat.  on,  etc.,  the  work,  ad  index  is  defined  as  the  sum  o.''  tt.e  separate  p.rti.t.s. 

The  straigiitfcrvari.y  ,t..mp.ute J centre,  effert  is  compared  ui tt.  the  sutjective  ratings  .ttai.nei 
during  the  experimen’s  f.r  vari . us  'cr.troi  tasxs.  The  res-....t  is  shwr.  in  Figure  . . Tie  re. at;  nst.ip 
betwee.n  tne  subject. ve  ratings  ac.d  tne  conlr.l  effort  index  is  surprisit;gly  i.'r.“ar. 

It  is  it.terest.t.g  t.  c.nsider  t.ne  .'e.Ht;..nship  between  system  performance  and  eff.rt.  r r a 
typica.  or.,  task  rac-  c.n'-rcl  t.nis  is  st.cv.n  in  Figure  c.  TJ;e  t.'ade-off  1 •.  tweet,  performa;.--  am 
eff.rc  ;s  -is  migr.t  be  -xp-e'e;: 

ex--.et;;.g  .i'tle  eff-i't  it.  * . -w  -ee^.j,.  ^-ives  a relatively  .arge  improvement  it.  performat.  e. 

bey.ni  a certain  .eve.  system  perf-m.a.n  e tr.e  jay-off  f.r  more  eff  r*  ’s  very  s.ma...  .'.no  w.ulu 
expect  tr.e  optimum  trade-. ff  at  tne  “kt.e- " .f  the  curve.  Ti.e  experimental  r-.  suit;  confirm  this. 


I-Mivi  .;.2  hbllAhh:.' 


give  at.  alliti.na.  i--r.ut.rtrati 
c.-ite  :.  gnat,  '.p-'.-at.r  ner.avi.jr 


tne  user  i.i.ess  .f  the  optical 
vari'^ty  -f  centr..  situati.ns. 


Ti.e  c.n.tr..  - ffert  i:.z.*x  suggectet  it.  ‘I.i;  |aj.r  c -rre  .at--s  v-.-y  w-.l  wit!.  subj“Ct 
ry  meaz.s  .f  trade-. ff  cmdi-  o t • tweet,  syste.m  {-rf  o.'T.at.cv  a.nd  cor.tr  -.  effert  tt.e  effect 
variable;  .f  Interest  in  new  c t.tr..  sltuati;no  car.  l*>  studied. 


ve  ratings, 
f tasx 


M.r-  '.ntr..  rituat;-nc  a, 3.  mu.tip.-  contr..  tasxs  t.a.-.-  t.  ! e c.r.silered  t;  ie  ab.e  t.  extend 
tne  g“.'.era.ity  .f  tne  pr.p.c-d  c.t.tr..  -.ff-rt  ini-x. 
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Aeroa*  a nuabar  of  diffarane  eontrollad  alaaMta  too  could  praauawbly  identify 
tho  neiaa  diaturbanca  raquirad  to  com  out  with  an  a^ivalant  workload  awaaura 
for  all  tha  diffarant  controlled  alewanta.  If  that  ia  true  would  you  expect 
tha  pilot  aubjactive  rat.<onaaa  to  be  tha  aaaw  ia  tarwa  of  evaluating  workloadT 

That'a  right.  That  would  be  a poaaibility.  He  would  have  tha  opportunity  to 
vary  all  kinda  of  taaka  and  anvironaantal  variablaa  and  aaa  how  they  affect 
tha  workload. 

In  your  andal  do  you  aaauaw  that  a eubjact  aaaeaaaa  workload  by  tha  acaa 
tachnigua  under  high  workload  conditiona  aa  undar  low  workload  conditional 

Ha  obtain  ratinga  by  praaanting  the  acalaa  and  aaking  tha  aubjacta  to  inoicata 
the  level  of  effort  they  hid  to  expand.  Ua  wara  not  awara  of  tha  awntal 
procaaaca  involved  ao  I cannot  naka  a very  acientific  atetenant  about  that. 
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H(ffiKLQAl)  MEASURES 

An  hour  or  two  in  a technical  library  soon  shows  that  we  have  begun  the  development  of  three  sain 
families  of  measurement  in  the  (acute)  workload  area.  Glibly,  we  oan  measure  how  well  a pilot  is 
meeting  some  set  of  physical  criteria  (objective),  we  can  assess  autonomic  and  related  inUces  of  task 
arousal/involvement  (physiological),  and  we  oan  adc  the  pilot  idtat  he  thinks  (subjective). 

"Subjective"  data  can  never  be  con^lete  and  accurate.  I cannot  describe  fully  and  precisely  how  I 
hold  ay  pen  or  read  qy  own  En^ldi  in  public,  nor  can  I agree  to  relinquish  part  of  ny  esteem  and  salary 
because  nyriad  other  people  mi^t  have  the  same  skill.  Hhat  holds  for  me  holds  equally  for  the  piloting 
fraternity,  and  it  would  be  churlish  and  naive  to  e:^>ect  them  to  be  able  to  describe  their  personal, 
occupational  or  social  condition  coldly  and  in  detail.  Given  a little  intuitive  statistics,  however,  one 
can  see  that  asking,  say,  12  pilots  whether  subtadc  X is  0.4  or  2.3  times  more  demanding  of  visual 
attention,  say,  than  subtesk  Y mi^t  be  a defensible  but  piecemeal  wsky  to  proceed.  Inviting  a test  pilot 
to  confess  he  cannot  meet  a challenge,  or  a line  pilot  to  adsdt  he  is  overpaid,  is  adcing  for  more  than 
verbsd  trouble,  however. 

"Objective"  data  are  not  so  much  conqplez,  in  the  amusing  intellectual  sense,  as  voluminous,  in  the 
boring  sense.  After  some  systematic  cataloguing  of  what  processes  the  pilot  is  controlling,  there 
follows  a listing  of  likely  measures.  Thus  hei^t  keeping,  for  ezaiqple,  can  be  represented  meanly  as  a 
needle-chasing  task,  and  the  deviation  between  actual  and  demanded  needle  positions  can  be  spot-checked 
or  time-averaged  in  some  acceptable  way,  and  control  utilization  similarly  recorded.  In  this  sense, 
cockpit  skills  are  normally  exercised  in  a context  tdiich  is  rich  in  data,  to  the  point  of  embarrassment 
and  occasional  despair.  Nevertheless,  one  can  io^oee  additional  (unnatural)  tasks  if  one  thinks  their 
measurement  is  simpler.  Herein  lies  the  "secondary  task"  philosophy  vdiich,  to  By  mind,  has  been  more 
clever  than  effective. 

"Physiological"  measures  seem  to  spring  in  and  out  of  fashion,  peihaps  as  researchers  exhaust  one 
line  and  attack  another.  They  are  always  disturbin^y  ittdirect  in  their  lnqilications,  however.  Popular 
exanqiles  will  serve  to  argue  this:  heart  rate  is  controlled  by  B»re  physiological  etc  subsystems  than 
task-induced  stress,  and  ey&-point-of-regard  may  often  be  to  the  featureless  geometric  midpoint  of 
several  sites  to  vdilch  one  is  paying  attent  ion. 

Currently,  there  is  Biuch  hope  (and  little  evidence)  that  a triumvirate  of  measures  will  be  helpful. 
Thus  we  talk  of  measuring  subjective,  objective  and  physiological  activities  concurrently,  without  really 
attending  to  the  logic  and  arithmetic  of  the  case.  For  perfor'&nce  measures  cannot  be  understood  without 
asking  the  pilot  what  his  work  criteria  were;  physiological  indicanic  of  imolven»nt/arousal  similarly 
denand  that  the  pilot  name  what  was  concerning  him;  pilot  opinion  neither  reflects  overt  activity 
precisely  nor  reneins  uncorrupted  by  personal  predilections.  It  is  improbaLue  that  there  will  be  an  easy 
agreement  between  such  measurement  families,  or  hetx;e  any  eenend  solution.  It  is  more  likely  that  the 
finance  expended  in  this  search  for  the  psychophysiologist's  stone  will  be  more  than  the  differential 
risk  capital  of  the  s£ecif^  avionics  or  procedures  options  at  issue. 

LABCWATORY  PSYCHOLOGY 

Crudely  speaking.  Human  Factors  seems  to  attract  two  kinds  of  workers.  There  appear  to  be  those  vdio 
sympathise  with  humanity  and  scorn  idiat  has  been  called  "the  counting  fever",  and  those  idio  believe  in 
the  precise,  step-b^step  applloation  of  scientific  Diethod  and  who  speak  disrespectfully  of  any  other 
"wiSL';^washy  nonsense".  Thougji  this  is  a carloature,  it  will  I'o  to  make  the  point  that  the  latter  "tyre" 
of  expert  finds  he  can  survive  in  aerospace  circles,  and  the  former  feels  that  entry  is  forbidden  him. 

Now  the  psychophysiology  of  intelligent,  well-motivated  adult  males,  riding  the  sharp  ends  of  metal 
tubes  throu^  weather,  is  likely  to  be  hi^y  oonqslex.  Mot  surprisingly,  those  Human  Fbotors  experts  vdio 
volunteer  for  this  area  tend  to  go  for  experisMntation  tdiich  cannit  be  attacked  by  their  scientific  and 
engineering  fellows.  Sadly,  this  gives  rise  to  preoise  data  tdiiai  lack  the  vision  due  to  any  member  of 
mankind.  It  describee  pilots  as  needle-chasers,  or  requires  more  accurate  language  from  them  than  can 
reasonably  be  expeoted.  At  the  limit,  it  yields  methodologioally  unassailable  studies  of  constrained 
situations  which  do  not  encapsulate  flying. 

As  examples,  recent  literature  in  experiaiental  psychology  can  be  considered  as  if  it  divided  into 
"pure"  and  "applied".  In  the  former  area,  great  store  is  placed  on  studies  of  spoken  messages  to 
different  ears  or  of  sin?>le  pictures  flashed  at  different  eyes.  To  be  scientifically  controlled,  such 
studies  have  to  be  uncomfortably  simple,  so  that  a great  gulf  is  fixed  between  erithisetical  results  and 
aeronautical  conclusions  (if  any).  On  the  bri^t  side,  we  are  winning  a painful  understanding  of  how  man 
defends  himself  a^inst  an  onslau^t  of  liqjreciae  data  and  reaohes  those  brave  2-ohoice  decisions 
necessary  for  survival.  In  the  "applied"  area,  tracking  tasks,  tlBi^-shared  with  some  visual  or  auditory 
monitoring,  still  hold  pride  of  place.  Unfortunately,  manual  tracking  is  becoming  obsolete  faster  than 
we  are  understarkling  it.  At  best,  it  never  achieved  more  than  a very  demeaning  nx>del  of  man. 
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HB&T  SHUL  HE  SO? 

I  aball  ignore  contndiotion,  and  offer  foixr  points  of  arguaent.  Tirst,  we  oould  give  iq>;  seoondly, 
v-e  could  oontinue  as  now;  thirdly,  ve  could  bring  nore  people  (nore  ooney)  to  hear;  fourthly,  we  oould 
spend  longer  wondering  «diere  to  place  our  few  hets. 

It  will  be  no  surprise  that  the  first  two  courses  of  action  do  not  have  ^y  syapathy.  As  to  giving 
tq>  altogether,  the  penalties  of  failure  are  fraricly  too  great,  especially  when  one  notes  how  quickly  the 
saxket  and  technoloor  can  change.  As  to  continuing  current  luractice,  it  seens  to  ae  that  this  would  be 
to  expect  diainitdiing  returns  from  a sustained  investasnt.  Jtor  the  nicely  aanageable  areas  of  huaan 
factors  were  marked  out  for  treatment  before  about  the  mid  1960s,  Even  the  resaining  ergonomics  issues 
turn  out  to  have  vast  queries  embedded  in  an  apparently  siiq>le  structure.  To  give  an  example,  the  strai^t 
question:  "How  do  we  design  a warning  panel?"  toms  into  the  asking:  "Hhat  are  brains  good  at  and  tdiat 

are  coiaputers  good  at,  and  how  do  we  mate  the  two?". 

Option  3f  to  buy  more  expert  activity,  seems  justifiable  to  a degree.  Aircraft  losses,  for  example, 
may  have  a greater  than  yiift  "human  error"  attribution  of  one  kind  or  another,  niis  rather  suggests  that 
we  are  cleverer  at  providing  tools  than  we  are  at  understanding  workers,  and  eurgues  that  some  cut-back  in 
tooling  co;.ts  nay  al,.ow  rather  better  labour  relatioiu  to  be  nourished. 

Option  4,  to  consider  our  bets  more  carefully,  appeals  to  oy  taste  for  intellectual  ^unbling.  To 
expand  the  argument  a little,  let  us  pretend  that  aircrew  workload  has  the  following  ooioponents: 

1 A knowledge  of  goal-tactio-strategr, 

2 Lookout, 

3 FLi^ht  path  control, 

4 navigation, 

3 Gomnunications, 

6 Engineering  systems  neinagement, 

7 Social, 

The  first  item  includes  an  appreciation  of  a vast  range  of  ambitions,  from  "Continue  the  human  raoe  - 
by  earning  cash  and  socied  respect"  to  "Hope  the  weather  broadcast  is  repccted  - I*m  too  busy  changing 
frequencies  txiw".  It  is  a uniquely  human  ability  (at  the  moment)  to  switch  from  macro  to  micro  and  back, 
or  choose  to  linger  at  intermediate  levels,  in  a hierarchy  of  ambitions  like  this. 

Item  number  two  involves  hiunan  vision,  either  throu^  cockpit  transparencies  or  of  electronically- 
generated  display  screens.  As  with  item  one,  this  skill  is  (at  the  moment)  a uniquely  human  attribute. 

The  welter  of  detail  which  has  been  added  to  the  literature  in  the  last  century  serves  to  mask  our 
undisturbed  ignorance  of  tdiat  visual  perception  is  really  about.  As  a ^ross  oversimplification,  each 
individual  spends  his  Initial  5 years  moving  round  aid  feeling  those  objects  of  vdiioh  bis  eyes  demand 
investigation,  idiile  the  sensors  and  processor  r suit  Arom  millions  of  years  of  evolutionary  RAD,  He 
shall  not  mimic  this  dcill  yet  aidiile. 

Items  3,  4,  5 and  6 constitute  the  main  stcnq>ing  ground  for  engineering  and  human  factors  effort  in 
the  aerospace  field.  In  the  main,  they  cover  problems  to  do  with  qpiite  well-understood  physical  phenomena, 
suLh  as  systems  dependent  on  electrons  onving  througji  metal  with,  as  the  fiixil  stage,  some  aircrew  intex^ 
facing.  At  the  limit,  it  would  be  possible  to  automate  the  pilot  out  of  such  systems  (thou^  it  would  be 
neither  cheap  nor  popular),  A blank  CRT  screen,  say,  would  mean  all  pra-programmed  aspects  of  altitude, 
course,  systems  and  messages  were  being  tolerably  dealt  with,  A message  on  tho  screen  might  be  of  the 
kind  "Unable  to  accept  35 f 000  ft:  can  cffer  37  or  39"  or  "Ho  3 engine  has  been  shut  down"  or  "Ho»-routine 
message  awaits  re  hythaulic  maintenanoe".  It  is  relatively  easy  to  argrie  in  these  areas;  it  is  relatively 
easy  to  see  diat  R A S deserves  being  undertaken;  it  is  relatively  easy  to  conceptualize  the  appropriate 
mai>-fflachliw  oonqilementarity. 

Item  number  7>  Idee  some  aspects  of  items  1 and  5t  not  a persoiMUtomaton  interface  but  a person- 
to-person  happening.  For  one  of  the  few  ways  we  have  of  estimating  the  integrity  and  effectiveness  of  a 
skilled  human  performer  is  to  ask  an  equally  dcilled  performer  to  do  the  estimating.  For  exasqile,  peer 
ratings,  as  a method  in  the  work-study  area,  are  used  to  bridge  the  alleged  gap  between  "objective"  and 
"subjective"  measures  as  defined  earlier.  At  its  slightest,  tlia  technique  appears  in  job-unrelated 
conversation  between  cockpit  crew  members,  and  serves  for  example  to  assure  pilot  and  navigator  that  each 
is  in  a presentable  condition  today.  It  goes  without  saying  that  this  kind  of  activity  is  not  tu  be 
automated  foreseeably. 

Hence  "pilot  workload"  can  be  expressed  as  the  coping  with  two  main  clusters  of  problem.  One  cluster 
is  equipment-based  and  theoretically  amenable  to  j^vsical  modelling,  even  replacement,  nie  other  cluster 
is  enqdiatioally  to  do  with  humanity  (and  man-made  tools  would  pertops  never  be  welcome  here);  to  do 
with  those  elusive  personal  gambles  on  idiioh  life  is  felt  to  depend.  At  any  rate,  pilot  workload  mi^t 
eurguably  be  the  maintenance  of  a mental  model  encompassing  these  two  kinds  of  time-varying  input;  the 
continued  provision  of  a mental  solution  for  two  sources  of  uncertain  problem.  If  that  is  so,  then  the 
most  we  can  do  at  the  moment  is  respectable  transfex^function  work;  we  can  vary  inputs,  monitor  outputs, 
and  debate  black  box  oontents  with  a rare  firoedom. 

So  far,  the  nicely-manageable  areas  (in  the  "physics"  problem  cluster)  have  attracted  most  finance, 
so  we  have  an  understanding,  defensible  to  engineers,  of  the  engineexdng-like  inputs  and  outputs,  *010 
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Bhiftj,  social  areas  (in  the  "huoanities”  proUem  cluster)  continue  to  frighten  us.  He  would  like  to 
acknowledge  their  iiq>ortance,  but  they  will  not  yet  fit  the  narrow  sould  of  scientific  method,  and  we 
nay  feel  they  never  will. 

Would  emyone  care  to  bet,  with  me,  that  avionics-based  woikload  is  not  so  much  crucial  as  nicely 
manageable? 


Crown  Copyri^t 
1974 
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SUMMARY 

Any  ti;L‘-.>t  to  oeasure  workload  Mist  be  based  upon  a satisfactory  definition  of  the  nature  of  the 
workload  that  is  being  investigated.  Workload  can  be  considered  as  having  task  oriented  and  subject 
oriented  elements ; a variety  of  aeasures  can  be  applied  to  the  assetssKnt  of  either  or  both  of  these 
elesKnts.  Moreover,  the  ezperiaental  evidence  available  suggests  that  if  a coaiprehens ive  analysis  of 
workload  is  to  be  achieved  a range  of  aeasures  aust  be  enployed. 

The  paper  describes  an  experiment  in  which  a flight  instriseent  trainer,  resembling  a twin  jet 
coaaunications  aircraft,  was  used  to  evaluate  questionnaire,  perfonaance  and  activity  analysis  saasures 
of  pilot  workload.  Attempts  were  made  to  diatinguish  between  the  physical,  perceptual  and  mental 
components  of  workload.  For  this  purpose  three  flight  plans  were  devised,  of  approximately  equal 
duration,  differing  markedly  with  respect  to  the  three  above  components.  Six  professional  pilots  flew 
each  flight  plan  and  after  landing  cosq>leted  questionnaires  to  assess  the  workload  levels  and  the  task 
content.  During  the  flights  video  recordings  were  made  of  the  pilot's  manual  and  cosBunication  activity. 
Performance  during  ILS  approaches  insKdi«it:ely  before  and  after  the  experimental  flight  plans  was  also 
amaaured. 

From  these  measures  it  was  possible  to  obtain  significantly  different  results  relating  to  the 
different  flight  plans.  These  results  were  capable  of  distinguishing  between  the  three  components  of 
workload  represented  in  the  flights. 

INTRODUCTION 


Workload  nay  be  considered  as  having  task  oriented  and  operator  oriented  elesents.  The  task  oriented 
element  it  synonymous  with  task  difficulty  and  is  related  to  the  nature  of  the  task  and  the  quality  of 
the  equipment  provided  for  the  performance  of  the  task.  The  operator  oriented  element  takes  into  account 
not  to  much  what  the  task  it  but  what  the  task  costs  the  individual  in  terms  of  his  effort,  fatigue  etc. 

A variety  of  smaturet  can  be  applied  to  either  or  both  of  these  elements.  Moreover,  the  experimental 
evidence  to  date  suggests  that  if  a meaningful  analysis  of  workload  is  to  be  achieved  a range  of  meas- 
ures must  be  employed  (1,  2).  In  the  experiment  described  in  this  paper  three  particular  types  of 
measure  were  employed  and  assessed  namely,  direct  perforunce  measures  relsting  to  the  quality  of  air- 
craft handling,  observation  of  the  pilots'  physical  activity  and  subjective  assessnants  by  subjects  and 
observers.  Activity  recording  and  subjective  assessment  were  chosen  because  recent  field  investigations 
have  indicated  that  they  appear  to  offer  a viable  means  of  gathering  descriptive  information  (3,  4). 
However,  it  was  argued  by  the  authors  that  the  accuracy  of  the  information  obtained  from  these  measures 
required  verification.  It  was  therefore  decided  to  undertake  an  assessment  of  the  information  provided 
by  these  in  a situation  where  the  nature  of  the  flight  task  could  be  controlled  and  systematically 
varied  to  esq>hasise  different  aspects  of  the  pilot's  work. 

METHOD 


The  investigation  was  undertaken  using  the  Institute's  flight  sisnilator  research  facility  (Fig.  1). 
The  device,  a procedures  trainer,  is  representative  of  the  Hawker  Siddeley  HS12S,  a two  crew  twin  jet 
aircraft.  The  cockpit  unit  is  mounted  on  a motion  system  having  pitch  and  roll  axes.  There  is  no 
representation  of  the  external  visual  world.  Inside  thr  cockpit  both  pilot  and  co-pilot  are  provided 
with  a full  main  instrument  panel  (Fig.  2).  The  first  pilot's  panel  includes  a Collins  FD  108  integrated 
flight  system,  an  Omni  Bearing  Selector  (OBS)  and  Distance  Measuring  Equipment  (DME).  All  primary  and 
secondary  flight  controls  are  represented  and  an  auto-pilot  is  provided. 

Three  experiarntal  flight  plant  were  prepared  for  the  evaluation  by  a military  pilot  in  current 
flying  practice.  They  were  designed  so  that  as  far  at  possible  they  involved  grossly  different  types 
of  activity^  namely  physical,  perceptual  or  tmntal  workload. 
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T)i«  ■liT>ic«l  flliht  pi—  (Fliilit  A) 

Tha  phyaical  plan  waa  daaimad  aa  aa  'air  caat*  la  aaaara  twrialanca.  Air  traffic  control 

diractad  tha  aircraft'a  poaition  aad  prograaa  thron^Aont  tha  flight,  nininiaiag  tha  pilot'a  aarlgation, 
tining  and  procadaral  workload.  Tha  pilot  waa  ragairod  to  carry  one  aMnoatmraa  ianolTiag  rapid  changaa 
of  handing,  haight  and  aircraft  configuration  undar  noraal  and  aayMatric  powar.  Tha  auto-pilot  waa 
not  uaad. 

Tha  parcaptual  flinht  alan  CFliiht  1) 

Thia  flight  plaa  requirad  tha  pilot  to  carry  out  an  unorthedon  and  coaplax  approach  procedura  ia- 
uolving  tha  uaa  of  a»at  of  tha  navigation  Inatrunanta  to  naintain  poaition  accurataly  whilat  turning 
continubualy  in  a largo  arc.  Throu^tout  tha  flight  tha  IT  hackgroinid  waa  noiay  and  tha  pilot  waa  raqnirad 
to  naka  away  noda  changaa  in  hia  flight  ayatan.  Hia  attantion  wu  diractad  a»ra  than  nomally  to  tha 
angina  inatruawnta  by  two  occurrancaa  of  low  oil  praaaura. 

Tha  awntal  flight  plan  (Flight  C) 

Thia  flight  took  tha  fom  of  a tinad  navigation  aaarciaa  followed  by  an  accurataly  tinad  'fly  paat* 
over  a known  datM  point.  Tha  pilot  did  not  know  tha  wind  velocity  aad  tha  'overhead  tine'  waa  paaaad 
to  bin  approsiaately  ten  ninutaa  before  ha  waa  doc  to  overfly  tha  datun  point.  Phyaical  aad  perceptual 
workload  waa  reduced  aa  nuch  aa  poaaible  by  allowing  tha  pilot  to  uaa  the  auto-pilot. 

All  three  flighta  atartad  at  tha  cane  airfield.  After  taka-off  tha  aircraft  turned  right  aad 
anecutad  an  ILS  approach  aad  roller  landing  at  another  airfield  cloaa  by.  After  clearing  tha  circuit 
fron  the  second  airfield  tha  pilot  carried  out  one  of  tha  three  flight  plans  daacribad  ahivc.  At  tha 
end  of  tha  eni.'^rinantal  phase,  tha  pilot  returned  to  a point  coHon  to  all  three  flights,  and  carried 
out  an  ILS  approach  aad  landing  at  the  saws  airfiald  at  which  the  ILS  was  executed  at  tha  beginning  of 
each  flight. 

Prior  to  the  cowncncawsnt  of  the  evaluation  all  subjects  undertook  a progrsMe  of  fawiliarisation 
in  tha  sinulator.  These  were  designed  to  acquaint  the  subject  with  the  handling  characteristics  of  the 
sinulator  and  tha  operation  of  the  Collins  FD  108  Flight  Systaw.  Tha  order  iu  which  siAjacts  flaw  tha 
different  axparinsntal  flight  plana  was  balanced.  Before  each  flight  the  subject  received  a detailed 
briefing.  Tha  flight  was  than  flown  in  tha  fom  described  above.  In  each  of  tha  experinental  flights 
the  subject  was  acconpanied  by  a co-pilot  who  not  only  perfomsd  tha  specified  duties  of  tha  co-pilot 
but  also  observed  aad  assessed  tha  subject's  perfomance. 

The  three  categories  of  naasurenent;  perforawnca,  observation  aad  subjective  assessnant  were  used 
in  the  following  ways:- 

Parfotnanca  Measures 


During  the  ILS  approaches  at  the  beginning  and  and  of  each  experinental  sortie  recordings  of  glide 
slope  aad  localiser  deviation,  air  speed,  aileron  and  elevator  activity  were  aeda  on  PM  tape  aad  proces- 
sed using  a DEC  PDF  12  digital  conputer.  Recordings  were  nade  between  the  outer  and  sdddle  narkers  on 
the  approach  Owtween  5.2  aad  1.25  wiles)  and  digitised  at  a rata  of  5 sasiplas  par  second.  Localiser 
and  glideslope  data  were  reduced  to  nsan  deviation  score  per  3 second  epoch  and  tha  wean  nodulus  devia- 
tion was  used  for  analysis.  Air  speed  was  reduced  to  a score  of  tha  aean  air  speed  par  3 second  epoch 
and  the  standard  deviation  of  these  data  was  used  in  the  analysis.  For  elevator  and  aileron  activity 
sll  changes  in  control  position  of  greater  than  2 arbitrary  units  (stick  position  being  calibrated  bet- 
ween 0 and  100  rapresenting  full  displacement  fron  extrene  to  extrene)  and  lasting  for  longer  than  0.3 
of  s second  were  defined  as  a novenent.  The  analysis  was  based  on  the  m^er  of  such  novenents  recorded 
during  the  period  of  the  approach  exanined. 

Observational  Measures 


To  record  the  pilot's  activity  a TV  canera  with  s wide  angle  lens  was  snunted  on  the  roof  of  the 
sinulator  and  positioned  so  that  it  was  possible  to  record  novenents  of  the  subjects'  hands  anywhere  in 
the  cockpit  (Fig.  3).  The  television  picture  together  with  a sound  recording  of  all  connunications 
isessages  between  pilot  and  co-pilot,  rad  pilot  and  ground  control  were  recorded  using  a Sony  Video- 
Recording  Systen.  The  nsthod  of  analysis  of  the  pilot's  hand  novenent  activity  was  by  naans  of  a key- 
board, the  buttons  of  which  represented  the  cockpit  controls.  An  observer  watching  the  video  play  back 
of  pilot  activity  shadowed  the  novenents  of  the  pilot's  hands  with  two  fingers  aoving  over  the  keyboard 
(Fig.  4).  The  keyboard  was  linked  to  the  PDF  12  digital  conputer  which  calculatad  the  total  tine  for 
which  each  control  was  used  and  the  distribution  of  tines  spent  on  each  control.  Connunication  nessagas 
were  analysed  in  terns  of  the  nunber  and  length  of  the  nessagee  to  and  fron  the  pilot. 

Subjective  Measures 

The  pilot  subjects  conpleted  three  questionnaires  at  tha  and  of  each  flight.  The  first  question- 
mire  was  task  oriented  and  listed  a range  of  activities.  Tha  subject  was  askad  to  indicate  the  extent 
to  which  each  was  present  in  the  flight  just  conpleted  by  naking  a nark  on  a 10  cn  line,  the  extrenes  of 
which  were  defined  as  'totally  absent'  and  'extreswly  proninent'.  The  activities  assessed  were  derived 
fron  two  sources: 

a.  Fron  the  literature  on  the  taxonony  of  task  description  (5). 

b.  Fron  a prelininary  study  in  which  aircriiw  were  asked  to  defintt  the  activities  which  they 

considered  were  part  of  aircraft  operationa. 
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FowrtM*  cat«aoriM  «m  «m4  for  — ■■■f  t»  !■  tte  ■■£■  th*M  mtm  •vb-diviM  iato  thr** 

MctioM  - gathariiig  rroccMi^  iafMMtlM  mi  takUg  Actio*.  !■  aMitio*  th*  oobjocto 

wro  aokad  to  ■oka  m Mooooant  of  tbo  ofp«rt«dty  yrovidad  by  tbo  flight  for  rolaxiag.  A fall  list 
of  tbo  octiTitioo  io  ioclodod  ia  Ammx  A. 

Tbo  oocood  guootioMuira  woo  oyorotor  orioatod,  Mokiog  to  obtaia  tbo  yilot'a  asaaaMnt  of  tbo 
aatara  aad  oxtant  of  tbo  acatal,  yarceytoal  aod  phyaical  wnbload  ho  axporiaoeod  doriog  tbo  axporiatatal 
flights.  la  all  a total  of  21  iadioidoal  aealoa  oar*  praaontad  to  tba  oobjact  aAiog  for  ratiagt  of 
factors  socb  as  tbs  axtaat  of  asatal  aad  physical  effort  srpsadsd  aad  the  axtaat  to  vhicb  be  coasidared 
the  fli^t  to  be  ceaplea,  eabaostiog,  difficalt  aad  daaaadiag.  A^aia  10  ca  ratiag  scales  aere  e^lojad. 
la  this  case  the  extraass  aere  daaoted  by  'aot/aoae  at  all'  aad  'a  aary  great  deal'.  The  scales  alloyed 
are  listed  in  Aaoex  A. 

The  third  qvsstioaasire  coobiaed  ratiags  froa  the  task  orieated  aad  sabject  oriented  areas.  Four 
categories  of  activity  aere  chosen  - 'aonitoriag' , 'calcelating  aad  estiaating  infomation' , 'logging 
inforastion'  aad  'asking  adjnacasnts  to  the  aircraft's  priaary  controls'.  For  each  of  these  categories 
of  activity  the  sabject  was  asked  to  aake  the  following  assessasats: 

a.  low  bosy  were  you  in  this  activity  throeghoat  the  flight! 

b.  In  this  activity  how  auch  effort  did  yon  spend  searching  (looking,  listening  and  watching) 

for  inforastionT 

c.  In  this  activity  how  auch  acntal  effort  did  you  spend  throaghoot  the  flight! 

d.  How  auch  physical  effort  did  you  spend  altogether  on  this  activity! 

The  subject  aade  his  response  on  a siailar  ncale  to  that  alloyed  in  the  second  questionnaire. 
Observer  Katinas 

The  observer  who  acted  as  co-pilot  for  the  exi.'eriaental  flights  rated  the  subject's  perforaance  in 
respect  of  ths  following: 

Checks. 

Take-off  and  cliab. 

Aircraft  handling. 

Instrwsnt  flying. 

RT  procedure. 

Procedural  flying. 

Operating  the  flight  systea. 

Approaches. 

Aimanship. 

For  each  of  the  above  categories  the  observer  assigned  a nark  out  of  a hundred  with  a aark  of  less 
than  forty  indicating  failure  to  perfora  the  activity  satisfactorily. 

Subjects 

Sis  subjects  participated  in  the  evaluation.  All  were  volunteers  drawn  froa  pilots  working  or 
residing  in  the  iaasdiate  area  of  the  Institute  of  Aviation  Medicine.  Five  of  the  subjects  were  ailitary 
pilots  and  one  was  a coaaercial  pilot  flying  with  a national  airline.  The  subjects  had  an  average  total 
flying  hours  of  2,500  hours  with  a range  froa  1,500  - 3,500  hours. 

RESULTS 

Before  presenting  the  results  obtained  frea  the  several  aeasures  of  workload,  it  is  in  order  to 
discuss  the  perforaance  of  the  subjects  as  assessed  by  the  co-pilot  observer.  Table  1 shows  the  aeon 
rating  given  to  each  subject  in  each  of  the  three  flights. 

TABU  1 

MEAH  OBSERVER  RATIMGS  OF  PERFORMANCE 


FLIGHT 

A 

B 

C 

Subject 

1 

79 

59 

69 

2 

78 

7* 

77 

3 

58 

67 

66 

4 

77 

71 

70 

5 

82 

71 

85 

6 

80 

71 

70 

All  tiM  tubjccts  war*  rat«4  m ^rfonlag  akoM  th«  'fail'  lairk.  Thare  was  no  aig^ificant  diffaraaea 
hatwaaa  tka  fli^ta  in  raai>aet  of  wan  garfoiaaaea  ratiaga,  or  tha  ratiaga  oa  iadiridaal  acalaa  (Friadaaa 
tw-way  aaalyaaa  of  variaaea).  Oa  oaly  oaa  acala  waa  a ratiag  of  laaa  thaa  AOZ  achiaaad  - by  eabjaet  3, 
wko  waa  giwoa  38Z  for  taka~off  and  eli^  in  flight  A.  Thaa,  in  tha  opinion  of  tha  obaarwar,  tha  ganaral 
laral  of  parforaanea  waa  aatiafaetory  and  did  not  vary  aigpifieaatly  froa  flight  to  flight. 

Parforaaara  Waaawraa 


Tha  aaalyaia  of  tha  IL8  racordiaga  waa  in  thraa  parta.  Tha  firat  concaraad  diffarancaa  hatwaaa  tha 
thraa  aortiaa  which  wara  eoaparad  in  raapact  of  tha  ehangaa  in  parforaanca  and  control  activity  hatwaen 
tha  firat  aad  aacond  approachaa.  Tabla  2 praaanta  a aMaary  of  thaaa  ehangaa. 

TABLE  2 

MEAE  PEirOBMICE  AMD  COmOL  ACnVITT  SCOEES 


FLIGHT 

A 

B 

C 

MEAN 

Fercentage 
change  hat*- 

Approach 

1 

2 

1 

2 

n 

2 

B 

2 

ween  flighta 
1 and  2 

Maaaura 

Localiaar  deviation 
(arbitrary  unita) 

26.7 

24.7 

29.9 

24.1 

28.6 

30.9 

28.4 

26.6 

- 6Z 

Glidealopa  deviation 
(arbitrary  unita) 

11.6 

14.4 

18.2 

15.1 

15.5 

17.3 

15.0 

15.6 

* 6Z 

Airapaad  variability 
(arbitrary  units) 

5.2 

6.9 

4.5 

5.8 

6.2 

5.4 

5.3 

H 

♦ 17Z 

No  of  elevator 

aoveaenta 

61 

74 

68 

80 

54 

68 

61 

* 22Z 

No  of  aileron  aoveaenta 

69 

73 

59 

69 

71 

82 

66 

■ , 1 

n 

* 12Z 

Ho  atatiatically  aignificant  diffarancaa  betwean  tha  thraa  flighta  wara  found  for  any  of  tha  ahova 
variablaa  (friadaan  two-way  aaalyaaa  of  varianea). 

Tha  aacond  coapariaon  waa  of  parforaanca  on  tha  firat  and  aacond  approachaa  irraapective  of  tha 
intarvaning  aortia.  No  aignificant  diffarancaa  wara  found  in  ralation  to  localiaar  and  glidaalopa  dev- 
iation or  airapaad  variability.  However,  tha  nuahar  of  control  novaaenta,  both  aileron  and  elevator, 
waa  greater  on  the  aacond  approach  (p  < .05  in  both  caaea:  Hilcoaon  vatchad  paira  aigned  ranka  taata). 
Expreaaed  aa  percantagea,  on  tha  aacond  approach  there  waa  a 22Z  incraaaa  in  tha  aeas  nudber  of  elevator 
■ovaaenta  and  a 12Z  incraaaa  in  tha  aean  nwbar  of  aileron  novaaenta. 

In  order  to  diacovar  if  any  other  ehangaa  in  control  activity  had  taken  place  tha  data  ware  re- 
asaainad  to  obtain  aeaauraa  of  tha  acan  a^nlitudaa  and  durationa  of  both  elevator  and  aileron  aoveaenta. 
The  aeana  obtained  are  ahown  in  Table  3. 


TABLE  3 

MEAN  HUMBER.  AMPLITUDE  AHD  DPRATIOH  OF  COHTKOL  MOVBIEHTS 


APPROACH 

1 

2 

Elevator 

Mean  No  of 
■oveaeota 

61 

74 

Mean  aaplitude 
(arbitrary  unite) 

4.84 

5.08 

Naan  Moveaent 
tiae  (aeca) 

0.72 

0.72 

Aileron 

Naan  Ho  of 

66 

75 

Naan  aaplitude 
(arbitrary  unita 

10.83 

11.16 

Mean  Movaaent 
tiea  (aaca) 

0.87 

0.84 
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, la  koCk  CM—  M 4iff«rMc«  ia  wplitaia  «r  4aracioa  kataaaa  tka  first  aaf  asesai  apfraack  esaU  ka 
faa^.  Tkis  raaalt  la4  to  tka  caaelaaiaa  tkat  ahila  tka  ai^kar  of  aaoaatats  iacraaaaf  Airiat  tka  aaeoai 
affraack  tka  typa  of  anoMsata  aafo  raaaiaaf  aaekaaga4.  Also,  if  tka  fiafiac  «as  takaa  ia  eoajoaetioa 
aitk  tka  yarfataaara  aaaaaraa,  tkara  aas  ao  iaiicatisa  of  aay  ckaaga  ia  porfoiaaaea  accoapaajiag  tka  ia- 
craasa  ia  caatrel  aaaaaaata. 

Tka  tkirA  part  of  tka  aaalyais  lookaf  for  4itfaraaeaa  kataaaa  tka  sokjoeta.  Oaiag  baakal  Hallia 
aaa  aay  aaalyaia  of  rariaaea  taata  tkasa  wars  fooaf  to  ka  praaaat  for  tkroo  of  tka  aariaklaa,  gli4aalopa 
4ariatioa  (p  < .02),  alarator  actiritp  (p  < .02)  ao4  ailaroa  activity  (f  < .01).  Protect  aoawat  cor- 
lalatioo  coofficioota  aara  calculatof  kataaaa  tkasa  tkraa  itaaw.  Tka  vaiaaa  oktaiaad  ara  akoaa  ia 
takla  4 kaloa. 


TABU  » 

PBOODCT  HOMBT  COMtBLATlOf  BTOHM  COWBOL 
ACTirrius  AM)  anniLow  hbviatkI 


Blevati.« 

Activities 

Clideslope 

Deviation 

Aileron 

Activity 

♦ .70  *** 

- .63  ** 

Blevator 

Activity 

- .43  * 

a ■ p < .05 

as  . j < .01 

**a  - p < .001 

N - 24 


Tkcaa  ralationakipa  augsast  a coaaiataacy  in  tke  pattam  of  coatrol  activitiaa  aad  tkat  graatar 
aaouota  of  control  activitiaa  ara  aaaociatad  aitk  aaallar  daviationa  froa  tka  glidaalope. 

Conaiatancy  of  control  activity  atyla  was  furtker  anaainad  by  two  conpariaona  of  tka  nunbcr  of 
ailaron  and  alavator  aovnanta  nada  by  tka  snbjacts  on  tka  first  and  ascend  approachaa. 

Tka  ralaticnahip  katwaon  tka  mitear  of  elevator  aovaaanta  on  tke  two  approechea  was  positive  (p  < .05) 
aad  produced  tke  linaer  ragrassion  e'luation: 

T - 29.82  * 0.70428  X 

where  X “ the  nuteer  of  anvanents  nade  on  the  first  approach  aad 

T “ tka  maker  of  aoveaents  aade  on  the  second  epproach. 

The  reletionahip  for  aileron  aoveaents  was  also  positive  (p  < .01)  with  the  linear  regression  equ- 
ation: 

T - 13.87  ♦ 0.95241  X 

Obaervational  Weaaurea 

Hand  activity  was  exaained  in  taraa  of  the  cuaulative  tiae  spent  on  the  various  controls  in  tke 

cockpit.  Table  5 shows  the  percentage  tiae  spent  with  the  hands  on  the  control  coluan,  on  other  controls 

and  off  the  controls. 


TABU  5 

HAND  ACTIViTT;  PEKCXWTACE  TDC  OH  COWTIOL  COUBPI  OH 
OTHEB  COWTItOLS  AMD  OFF  THE  COHTBOLS 


FLIGHT 

A 

B 

C 

Off  controls 

5 

4 

28 

Left  Hand  Control  coluan 

94 

95 

9 

Other  controls 

1 

1 

63 

Off  controls 

11 

17.5 

40 

Right  Band  Control  coIum 

69 

55 

2 

Other  controls 

20 

27.5 

58 

This  sMiysis  shoiis<  diffsrsscss  la  kaad  activity  hatvsaa  tha  fliahts.  It  alsa  shaaad  dlffaraacaa 
hatvaaa  left  sad  ri^t  head  activity.  la  Fliakta  A aad  1 tha  left  haad  vas  oa  tha  coatrel  colawi  al~ 
aoat  all  tha  tiaa  (FAX  ia  Fliaht  A and  9SX  ia  Fliaht  B).  la  Fliaht  C vhaa  tha  aatafilet  was  aaaaaad 
tha  left  haad  syaat  auch  acre  tiaa  an  ethar  coatcols  (ASX)  bat  also  was  lass  activa  aad  syaat  man  tias 
coatrols. 

Cnafsrad  with  tha  left  haad  tha  ri^t  haad  spaat  aare  tias  on  ethar  coatrols  la  Flints  A aad  1 
(20.  aad  27. SX).  It  also  was  off  coatrols  aera  dwriag  thasa  flights.  Ia  Fli^t  C tha  ri^  haad  was 
also  less  active  aad  tha  tias  apaat  oa  other  coatrols  iaeraasad. 

Table  A coataioa  a breakdowa  of  tha  tias  spent  on  coatrols  other  than  tha  cootrol  colam. 

TABLE  A 


BAND  ACTIVITT: 


FEBCEBTACE  OF  TPg  OW  C0IITB0I.8  OCTBt  TBAB 
comoL  COIM 


FLIGHT 

A 

B 

n 

Scop  watch 

- 

- 

A 

Left  Hand  Flight  doc«Ments 

- 

- 

A1 

Flight  systea 

1 

1 

18 

Flight  systea 

1 

2 

B 

Alciaeter 

- 

Pitch  tria 

5.5 

B 

Throttles 

12.5 

Right  Hand  Flan  selector 

- 

Radio 

- 

2 

Autopilot 

- 

Rudder  tria 

1 

Flight  dociMntt 

- — J 

- 

19 

34 

The  differences  in  the  nature  of  the  Casks  coaprisiag  the  three  flights  are  reflected  in  Che  use 
oi’  other  controls.  In  Flight  A,  containing  aaooeuvres  under  assyaetric  powers  the  bulk  of  the  activity 
it  related  to  the  use  of  the  throttles  and  tria  controls.  Flight  B,  containing  an  approach  procedurct 
has  activity  related  to  power,  tria,  radio  and  flight  sysren.  Flight  C is  different  again,  with  the 
activity  being  associated  with  the  use  of  flight  docuaents,  the  flight  systea  and  autopilot. 

A siailar  aethod  was  used  to  analyse  cosaunications  activity  and  the  results  are  shown  in  Table  7- 

TABU  7 

comumcATiows  Acrivm;  pekcewtace  tdc  a each 

CATEGORY 


FLIGHT 

A 

B 

C 

Pilot  speaking 

9 

11.5 

9 

Others  speaking  to  pilot 

28 

20 

5 

Silence 

63 

68.5 

86 

Flights  A and  B again  contsin  o'^re  activity  than  Flight  C and  with  the  pilot  being  spo.  en  to  wore 
than  speaking. 

Subjective  Measures 

In  the  case  of  the  task  oriented  questionnaire  significant  differences  between  the  flights  were 
found  in  seven  of  the  fourteen  rating  scales.  Table  8 suHorises  these  data. 

The  subjects  reported  less  activity  in  gathering  infonation  fron  naps,  docuaents  and  displays 
other  than  the  nain  flight  instruaents  in  Flight  A than  in  B or  C.  Flight  C was  reported  to  involve 
nore  calculation,  estination  and  logging  of  inforsation  than  Flight  A.  Fli^t  A vas  rated  as  requiring 
sore  control  aoveaents,  both  large  and  snail,  than  Flight  C,  and  Flight  B required  nere  snail  control 
adjustnents  than  C.  Operating  the  autopilot  was  rated  as  wore  proainent  in  Flight  C that  in  A and  B. 


tuK  ouBiD  ooKsnoMOBt  MAH  UTORS  im  nonnuMt 

BIFrUBiCH 


FLlOff 

A 

B 

C 

Bigpificanca 

Lawal 

Indication 

Batiaa  Seal* 

Ohtaiai'^  iafomntinn  fraai 

aubaid^ary  iaatrunaata 

27 

dl 

du 

ft 

A < B A C 

Batriaviag  iafumation  fraai 
charta  and  dnoanata 

9 

3B 

U 

ft* 

A < B A C 

Calculatiag  and  aatlnatiag 

iafocnation 

29 

39 

dd 

ft* 

A < C 

Making  larga  wnanaMt*  to  a/c 
priaary  caatral* 

M 

a 

2S 

ft 

A > C 

Logging  iafomatioa 

d 

23 

43 

ft* 

A < B A C 

Making  anall  adjuataaat*  to 

a/c  prianry  control* 

M 

dd 

45 

ft 

A A B > C 

Oparatiag  th*  autopilot 

3 

0 

49 

ft* 

A A B < C 

* p < o.os  **  r < 0.01 


Piv*  of  tho  mMty-oM  ocoloo  in  eho  oporotor  erioaCoA  ywotin—iiro  AiotiacaiolMA  WtwM  tho 
flight*.  Tahl*  9 •■H*ri*«*  eho*«  data. 


TAM  9 

omATot  otnmp  opisthmauk  mm  urnci  tm 
siatWd^  BippMMkitg 


FLIOD 

A 

B 
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Significaac* 

Lawal 

Indication 

Batina  Seal* 

Fhyaical  affort 

52 

29 

22 

ft 

A ' B > C 

Farcaptual  affort 

48 

71 

80 

ft* 

A < B < C 

Conplazity 

31 

51 

74 

ft* 

A < B < C 

Eshauation 

49 

3d 

4d 

ft 

A > B A C 

Confuaion 

8 

4d 

2 

ft 

A < B 

• p < 0.05  **  p < 0.01 

Th*  aubjact*  roportad  tba  aapaaditura  of  aora  pbpaical  affort  ia  Flight  A than  in  B,  and  nora  in  B 
than  in  C.  Tba  graataat  aaount  of  parcaptnal  affort  (looking,  liataning,  watching  for  infomntion)  waa 
azpandad  in  Fli^t  C,  th*  laaat  in  A.  Flight  C waa  ratod  nor*  coaiplax  than  A and  B,  and  Flight  A nor* 
axhanating  than  B and  C.  Flight  B waa  thought  nor*  confuaing  than  Flight  A. 

Th*  third  quaatioanair*  ahowad  aignificant  diffaraaca*  batwaan  the  flight*  with  raapact  to  th* 
diatribution  of  aautal  affort  anong  four  aajor  octiwitio*.  Tobl*  10  atuHariaa*  tbaa*  data. 

la  Flight  A th*  aajor  part  of  tbi*  affort  waa  dawotad  to  control  adjaatnaat*.  In  Flight  B it  waa 
to  aoaitoring  diaplay*.  In  Flight  C it  waa  to  calculation  and  aatinntion. 

DISCUSSIOR 

Th*  thra*  typa*  of  naaaur*  aa^loycd  in  thia  invaatigation  all  proridad  iaforaation  of  uaryiag  ualaa 
in  diffarantiatio]  and  daacribiag  th*  thra*  aortiaa  ia  ralation  to  th*  tank  and  oparator  oriaatad  ala- 
nent*  of  workload. 

Th*  paiforaaac*  aaaaura*  racordad  at  th*  baginniag  and  and  of  th*  axparinantal  aortiaa  proridad  no 
infomatim  which  diacrininatad  batwaan  tba  thra*  aortiaa.  Thar*  waa  th*  finding  that  irraaapctiw*  of 
th*  aorti*  flown  th*  madiar  of  control  nooaanat*  wad*  during  th*  aaeond  approach  and  landing  waa  graatar 
than  that  and*  during  th*  firat.  Howawar,  o'  changa*  in  niplitad*  or  duration  of  noraanat  accoapaaiad 
tba  incraaaad  aunbar  of  novoKat*  and  th*  *pv;->:.*ch  parfomwe*  waa  not  diffarant  fren  that  producad  during 
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rticiT  1 

A 

■ 

c 

Activitjf 

Noaitoriag  (a) 

U 

S$ 

Calculatiag  aad  estiaatiag  (c) 

M 

46 

Loggiag  (1) 

2b 

20 

46 

Making  control  adjustaents  (a) 

67 

31 

32 

Level  of  significance 

Bi 

PBH 

Indication 

m 

th*  first  approach.  Thcsa  resalts  have  aorc  value  to  the  description  of  operator  behaviour  than  to 
task  deannd.  The  asasures  of  perforaance  show  individual  differences  and  these  are  best  interpreted  as 
indications  of  variations  in  particular  'operator  style*  which  relate  not  so  saKh  to  the  quality  of  the 
perforaance  as  to  the  aode  of  control  behaviour  used  to  achieve  the  required  level  of  perforaance.  This 
observation  is  supported  by  other  studies  (()  and  the  present  data  are  currently  being  re-exaained  to 
look  at  these  individual  differences  in  aore  detail. 

The  recording  of  operator  activity  generated  valuable  infomstion  and  a viable  technique  for  the 
translation  of  operator  behaviour  into  an  objective  and  quantifiable  record.  The  najor  value  of  the 
activity  aeasure  is  seen  as  contributing  to  an  understanding  of  the  task  oriented  eleaent  of  the  work- 
load. The  results  obtained  distinguished  between  the  three  flights  in  teras  of  the  aaount  of  activity 
and  the  locations  at  which  this  activity  took  place.  Siailarly  the  analysis  of  coananicat ions  gave  an 
indication  of  the  relative  frequency  of  cosBunication  and  its  direction.  The  data  derived  froa  these 
aeasures  are  clearly  aore  relevant  to  ergonoaic  considerations  than  to  workload.  The  inspection  of 
transitions  between  controls,  the  frequency  with  which  controls  are  used  and  the  length  of  tiae  spent 
on  particular  controls,  provided  inforastion  which  can  be  used  to  assess  the  design  effectiveness  of 
particular  configurations.  In  addition  the  technique  provides  observational  aeasures  which  allow  an 
asscssaent  to  he  aade  of  the  operator's  behaviour  when  perforaing  checks,  procedures  and  cockpit  aaasge- 
aent  generally.  Failures  in  these  areas  can  also  he  identified  which  are  not  revealed  through  traditional 
perforaance  aeasures.  For  esasqple,  one  subject  perforaed  all  his  calculstions  in  Flight  C aloud.  The 
activity  recording  revealed  an  error  of  90  seconds  in  one  of  his  calculations  which  persisted  until  the 
subject,  suddenly  realising  his  aistake  and  its  effect  upon  his  asnageaent  of  the  flight,  retrieved  the 
situation  with  a drastic  change  of  power  setting  and  configuration.  Such  errors  would  noraally  coae  to 
light  in  the  real  world  when  they  are  catastrophic. 

In  relation  to  the  operator  oriented  eleaent  of  workload  the  activity  analysis  provided  little 
infomation.  It  indicated  what  the  subject  did  but  not  what  it  cost  hia  to  do  it.  Again  there  are 
indications  of  individual  differences  between  subjects  in  relation  to  the  frequency  of  aoveaents,  the 
tiae  spent  on  particular  controls  end  hand  preference.  These  findings  are  being  investigated  as  part  of 
the  exaaination  of  individual  differences. 

With  regard  to  the  operator  activity  aeasures  it  is  worth  noting  that  the  technique  of  visual 
shadowing  requires  very  little  training  for  the  observer.  An  opportunity  did  arise  to  allow  a coaparison 
of  inter-observer  variability.  Using  three  different  observers  analysing  the  saae  portion  of  video  record 
very  little  inter-observer  variability  resulted  and  a consistent  picture  of  the  operator's  patterns  of 
activity  was  obtained  froa  all  three  observers. 

Inforaation  regarding  both  the  task  and  operator  eleaents  of  workload  was  obtained  froa  the  subject- 
ive rating  scales.  Using  the  operstor  to  undertake  his  own  assessnent  of  task  content  lead  to  the 
identification  of  a nuaber  of  iaportant  activities.  The  results  were  consistent  both  with  the  contents 
of  the  sortie  as  initially  designed  and  with  the  observation  of  operator  activity.  It  it,  however,  recog- 
nised that  the  three  flights  were  intentionally  designed  to  he  aerkedly  different  froa  one  another,  and 
it  reaains  to  test  the  technique  in  aore  subtly  varying  situations. 

The  operator  oriented  questionnaire  revealed  differences  in  the  reactions  of  the  subjects  to  the 
three  flights.  It  is  of  particular  interest  to  note  that  «diilst  the  sc;;les  differentiated  between  the 
three  flights  in  teras  of  the  aaount  of  physical  and  perceptual  effort  it  \.ras  not  initially  possible  to 
discriainate  between  then  in  teras  of  the  aaount  of  aental  effort  each  contained.  This  finding  suggests 
that  the  subjects  recognised  that  so  long  as  the  task  deaanded  their  conscious  attention  there  was  an 
eleaent  of  aental  load  present  to  which  could  be  added  varying  aaount*  of  physical  and  perceptual  load 
depending  upon  the  extent  to  which  control  display  configurations  and  tasks  varied.  The  third  question- 
naire clarified  this  situations  by  identifying  that  the  aaounts  of  aental  load  subjectively  considered 
to  be  present,  while  siailar,  were  attributed  to  different  eleaents  in  the  task  situation.  Again,  these 
differences  seflt'cted  the  differing  nature  of  the  three  sorties.  Finally,  there  is  the  indication  that 
different  descriptions  of  the  subjective  feelings  of  the  operator  in  relation  to  his  experience  of  task 
load  are  differentially  associated  with  the  varying  sources  of  load.  Thus,  for  exaaple,  the  tera 
'coaplcxity*  appears  to  be  associated  with  aental  load,  whereas  assensaents  of  the  feelings  of  eidianstion 
experienced  by  the  subjects  are  aore  related  to  physical  load. 


KAS 


Tkis  iaitial  trial  aaiag  tiM  laatitata'a  flight  aiaalater  facility  has  proridad  inferaatien  which 
can  gaida  farthar  aapariaaatatioa  aad  dawalepaaat.  Tha  aaa  of  and  rafinaaant  of  aubjactive  aaaasaaent 
tachoiqaaa  for  aaaniaiag  both  tha  tank  and  eparator  aapacts  of  workload  appaara  to  be  worth  purauing. 

A coAiaation  of  theaa  awaaaraa  with  objactiwa  parfomanca  awaaaraa  and  tha  oba'jrvation  of  activity 
would  appear  to  offer  a aaafal  parapactive  on  tha  global  affacta  of  cockpit  layout,  teak  content  and 
operator  eaparienca  of  workload  aad  fatigna. 
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ANNEX  A 

SUBJECTIVE  ASSESSMENT  SCALES 


(1)  Activities  rated  on  a scale:  Totally  absent  - Extresiely  prominent. 

Obtaining  information  from  smin  flight  instruments. 

Obtaining  information  from  all  other  inatrwents,  displays  and  gauges. 

Reprieving  information  from  charts  and  dociasents. 

Obtaining  information  from  aircraft  crew  and  ATC. 

Calculating  and  estimating  information. 

Choosing  between  alternatives. 

Passing  information  to  crew  and  ATC. 

Making  large  movements  of  the  aircraft's  priisary  controls. 

Logging  information. 

Making  small  adjustments  and  corrections  to  the  aircraft's  primary  controls. 

Operating  other  controls  in  the  aircraft. 

Relaxing. 

Operating  the  autopilot. 

Monitoring. 

(2)  Operator  oriented  rating  scales. 

How  vi'jilant  were  you  throughout  the  flight? 

How  relaxing  was  your  experience  throughout  the  flight? 

How  pleasant  was  the  experience  throughout? 

During  the  flight  how  automatic  was  your  behaviour? 

How  much  physical  effort  did  you  expend  altogether? 

Throughout  the  flight  how  much  effort  did  you  spend  in  searching  (looking,  listening  and 
watching)  for  information? 

How  tiring  was  the  flight  for  you? 

How  uninterrupted  was  your  behaviour  throughout  the  flight? 

How  active  were  you  throughout  the  flight? 

Here  you  tense  throughout  the  sortie? 

During  the  flight  as  a whole  how  attentive  were  you? 

How  busy  were  you  throughout  the  flight? 

How  much  mental  effort  did  you  expend  altogether  during  the  sortie? 

1 ,n  demanding  was  the  flight? 

Has  the  sortie  difficult  on  the  whole? 

Has  the  flight  confusing? 

Has  the  flight  boring? 

Has  the  sortie  unusual? 

How  strenuous  was  the  sortie  as  a whole? 

How  exhausting  was  the  sortie? 

Has  the  sortie  complex? 
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HllXnsOII  H««  there  eny  eorreletlen  between  eubjeetlvclr  rete4  aentel  effort  and  the 

obeerver'e  rating  of  the  level  of  perfonanee,  even  If  tha  verlatlona  in 
neither  of  tbeee  wee  very  lergeT 

BOLFB  There  were  aoae  eorrelatione  but  othera  idiieh  we  expected  were  abeent. 

The  workload  way  be  covert  and  inherent  in  aowe  other  eepect  of  the  job 
idiieh  wea  downatrean  frow  the  finel  overt  activity. 
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A nJORT  S1MDUT[»  STUlff  OF  MISSILE  CONTBOL  PEnOSMAMCE 
AS  A FONCnON  OF  COHCDRIQ9IT  WOHKLOAO 

by 

K.O.a.  Corkindal* 

Iloyal  Air  Fore*  Institute  of  Aviation  Nadicins 
Farnborough,  Hanpeblre,  England. 


SDMURI 

Eight  pilote  took  part  in  a part-task  simulation  of  the  delivery  of  a stand-off  air-to> surface 
guided  weapon.  The  attack  phase  of  a sortie  wae  eimulated.  This  phase  lasted  some  3 minutes  and 
included  a low  level  run  to  the  weapon  release  area,  weapon  release,  target  detection  on  the  TV  monitor 
dis{d.ay  and  the  aiming  of  the  mieeile  at  the  target.  Four  levele  of  workload  were  etudied.  niese 
were: 

1.  Missile  control  taske  only. 

2.  Manual  control  of  the  eimulator. 

3.  Missile  control  tasks  plue  manual  control  of  the  simulator. 

4.  Missile  control  tasks  plue  auto-pilot  monitoring. 

The  results  showed  that: 

1.  Performance  at  the  missile  control  taAs  was  degraded  by  increases  in  concurrent 
workload. 

2.  Manual  fli^t  control  and  auto-pilot  monitoring  were  adversely  affected  by  concuirreat 
missile  control  taske. 

A email  group  of  non-pilots  wae  put  through  the  some  experimental  programme.  A similar  pattern 
of  results  to  those  of  the  pilot  group  were  obtained  but  the  absolute  levels  of  performance  were  pre- 
dictably different. 

Eye  movement  data  and  subjective  data  allow  the  deterioration  in  two-task  performance  to  be 
explained.  The  results  of  this  study  confirm  laboratory  secondary  task  experiments  in  that  a deterior- 
ation in  primary  task  performance  ie  associated  with  the  occurrence  of  a secondary  task  despite  instruc- 
tions given  to  the  subjecte  to  maintain  the  highest  level  of  performance  possible  on  the  primary  task. 


INTRODOCnOR 

The  research  flight  eimulator  offers  the  systems  designer  the  opportunity  to  assess,  at  an  early 
stage  in  a development  programme,  the  effects  of  alternative  equipments  and  working  proceduise  on  air- 
crew performance.  The  alternatives  that  are  to  be  compaisd  may  be  seen  as  providing  different  levele 
of  airersw  workload  and  the  designer's  interest  is  in  how  these  different  workload  levele  will  affect 
aircrew  performance  and  the  implicatione  of  any  changes  in  performance  on  system  capability. 

During  studies  of  the  operator's  taske  in  controlling  a etand-off  air-ti>-surface  television  guided 
weapon  (TV  ASSW)  a flight  simulator  trial  wae  conducted  in  which  the  effects  of  other  aircrew  tasks  on 
missile  control  performance  were  examined.  Four  working  conditions  weim  studied,  these  were: 

1.  Missile  control  tasks  c jly.  The  taske  were  to  monitor  the  television  display  for  target 
detection,  to  align  cross-hairs  on  the  target  and  to  home  the  missile  on  to  the  target  by 
continuously  tracking  the  target  as  it  moved  across  the  TV  screen. 

2.  Simulator  manual  control  usina  a Head-Dp  Disnlay  (HUD).  A standard  pattern  HtJD  was  pre- 
sented to  the  pilot  who  manually  flew  the  flight  simulator  according  to  the  HUD  demands. 

3.  Missile  control  tasks  plus  HUD  manual  control.  Th«  pilot  carried  out  the  TV  missile 

taske  (as  in  1 above)  and  also  manually  flew  the  simulator  (as  in  2 above). 

4.  Missile  control  tasks  nlue  HDD  monitorinx.  nie  pilot  carried  out  the  TV  missile 

tasks  and  was  also  required  to  monitor  the  HDD  whilst  the  simulator  was  flown  on  auto- 
pilot. As  a check  on  the  efficiency  of  the  monitoring,  the  pilot  was  required  to 
respond  to  an  infrequent  ei^ial  on  the  HDD  by  pressing  a button  mounted  on  the  control 
column. 

niese  four  working  conditions  allowed  two  major  comparisons  to  be  made.  Firstly,  the  effect  on 
the  IV  tasks  of  alternative  concurrent  workloads.  Secondly,  the  effect  on  aircraft  control  of  the 
additional  workload  caused  by  the  TV  tiuke.  As  the  pilot  was  requiimd  to  perform  two  separate  taske, 
his  primary  task  being  control  of  the  aircraft  and  the  secondary  task  being  missile  contrd,  the 
situation  can  be  interpreted  as  on  example  of  the  measurement  of  mental  load  by  the  seconda^  task 
technique.  Bolfe  (19^)  has  reviewed  the  extensive  work,  on  the  secondary  task  technique.  Hie  main 
finding  was  v.iat  despite  the  inetructione  given  to  subjecte  the  presence  of  a secondary  task  depresses 
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parforMnc*  on  th«  prinaiy  tank,  although  In  aoaa  caaas  changas  in  parforaanca  on  tha  prlaary  tank  could 
not  bo  clearly  Identified  duo  to  the  use  of  Inaeaaltim  neasures  of  prlaary  taak  perfonunee.  It  waa 
intended  that  the  present  study  could  provide  a cheek  on  this  general  finding  when  the  two  tasks  wars 
seen  by  the  subjects  as  having  sose  real-life  significance. 

Another  question  of  sobs  interest  that  was  exaslnsd  during  the  trial  was  the  use  of  non-pilots  as 
subjects  in  flight  slnulator  studies.  The  nain  experinent  used  experienced  *jet  pilots  as  subjects  but 
a second  experinent  used  non-pilots  who  althougb  fanillar  with  the  slnulator.  through  having  worked  with 
it  as  axperinental  staff  for  sons  nontha,  had  no  aircraft  piloting  experience. 

NEIHOD 

The  flight  sinulator  was  a single-seat  fixed-base  cockpit  unit  provided  with  a control  colunn. 
rudder  pedals,  throttle  and  Intercon  ayaten.  Conventional  head-down  Instrunents  and  the  associated 
controls  were  not  represented.  An  outside  world  view  could  be  provided  by  neane  of  a slide  which  gave 
an  indication  of  ground-horison-aky  visible  from  the  pilot's  seat.  This  alide  was  controlled  by  out- 
puts fron  the  simulator  conputer  so  that  pitch  and  roll  infomatlon  was  available  to  the  pilot.  No 
representation  of  forward  novement  was  provided.  The  pilot's  prinary  Infomatlon  source  was  a HDD 
wtuch  operated  la  a director  node.  For  the  aonual  control  runs  the  pilot  was  required  to  keep  the 
aircraft  sysbol  centred  over  the  target  marker.  In  the  HDD  monitoring  node  the  signal  which  the  pilot 
was  required  to  detect  wss  the  appearance  of  a ssall  cross  on  the  display. 

The  VI  display  wac  generated  on  a 200  an  (8  inches)  625  line  monitor  situated  sone  750  nn  (30 
laches)  from  the  eye  datum  position  and  some  20<*  down  fron  the  horisontal  forward  line  of  al^t.  The 
VI  target  was  a small  white  square  which  could  be  made  to  appear  on  the  VI  tube  face  in  any  one  of 
twelve  pre-set  positions.  From  the  time  this  target  wtn  switched  on  it  followed  an  exponential  growth 
law  which  approximated  to  the  rate  of  change  of  contrast  of  a target  in  the  real  world  whan  being 
approached  at  uniform  speed.  Two  cross-hairs  working  in  display  x and  y were  controllable  by  a 
simple  displacement  joystick  control  mounted  just  aft  of  the  throttle  lever  and  worked  by  the  pilot's 
left  hand. 

The  task  presented  to  the  subject  was  a simulation  of  the  attack  phase  of  a stand-off  VI  ASOW 
mission.  In  detail  this  part-task  simulation  consisted  of  the  following  events! 

1.  High  speed  low  level  run  (90  seconds,  VI  display  off), 

2.  TV  weapon  release,  TV  monitor  switched  on. 

3.  Weapon  nm  to  target  area  (42  seconds,  TV  on). 

4.  TV  target  bright-up  started. 

5.  Pilot  detects  target  on  VI,  presses  button  on  control  column  to  call  cross-hairs  onto 
TV  display. 

6.  Pilot  centres  VI  cross-hairs  on  target  and  presses  control  column  button. 

7.  Pilot  tracks  target  with  cross-hairs  as  the  target  is  moved  across  the  display  for 
10  seconds,  at  the  end  of  which  time  TV  is  switched  off. 

8.  High  speed  low  level  run  (20  seconds). 

The  average  total  time  for  each  experimental  run  was  some  3 minutes  10  seconds,  the  exact  tine  varied 
slightly  due  to  different  target  detection  times  and  cross-hair  aiming  times.  This  sequence  was  varied 
slightly  in  the  case  of  the  sinulator  manual  control  runs  (working  condition  2)  as  no  TV  tasks  were  pre- 
sented to  the  subject  who  was  required  to  track  using  the  HUD  for  3 minutes  and  10  seconds.  Similarly, 
for  the  missile  control  tasks  only  runs  (working  condition  1)  the  initial  and  final  low  level  runs  were 
shortened  to  minimise  the  time  the  subject  sat  in  the  cockpit  with  nothing  to  do.  In  the  VI  tasks 
plus  HUD  monitorin':  runs  (working  condition  4)  two  signals  were  presented  on  the  HUD,  one  during  the 
first  90  second  period  and  the  other  during  the  target  bright-up  phase;  the  exact  timings  of  these  two 
signals  were  randomised. 

The  eight  pilot  subjects  were  all  experienced  on  high  performance  jet  aircraft,  their  average  age 
was  30  years  and  their  average  total  jet  hours  were  1,600.  The  four  non- pilot  subjects  ware  drawn 
from  the  staff  who  maintained  and  ran  the  simulator  and  although  they  had  some  sinulator  flying 
experience  they  had  no  aircraft  piloting  training  or  experience. 

On  arrival  at  the  simulator  the  subjects  received  a standard  written  briefing  on  the  trial  and 
were  familiarised  with  the  equipment  they  were  to  use.  The  subjects  were  coached  in  the  use  of  both 
the  HUD,  for  control  and  monitoring  functions,  and  the  IV  equipment  until  they  ware  fanillar  with  thslr 
tasks.  n>e  subjects  then  undertook  training  runs  in  which  they  experienced  all  of  the  various  working 
conditions. 

The  experimental  design  required  each  subject  to  complete  16  runs  under  each  of  the  four  working 
conditions.  Preliminary  work  had  indicated  that  four  runs  In  succession  did  not  cause  the  pilot  any 
fatigue  which  could  have  influenced  his  performance.  Therefore,  the  suojects  conducted  four  runs  at  a 
tine,  which  occupied  about  JO  minutes,  fallowed  by  a 30  minute  rest  outside  of  the  cock  . Subjects 
completed  questionnaires  du^ng  and  at  the  end  of  the  trial  wuan  they  ware  also  debriefed  by  the  experi- 
menter in  order  to  amplify  the  questionnaire  responses. 
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Th«  principal  dependent  vairiablen  that  were  recorded  during  the  experiment  can  be  listed  as 
follows: 

TV  Tasks 


TV  tsirget  detection  time:  Ticie  from  start  of  target  bright-up  to  pi.. 

pressin;;  button  on  control  column. 


TV  tracking  error: 


HOP  Manual  Coutrol 


HUD  tracking  error: 


Integral  of  error  between  target  and  cross-hairs 
in  display  x and  y for  10  second  epoch. 


Integral  of  error  in  azimuth  and  eleration  in 
display  X and  y for  first  and  second  halves  of 
runs. 


HUD  Honitoi~ing  Task 

HUD  signal  response  time:  Time  from  on-set  of  HUD  signal  to  subject 

pressing  button  on  control  column. 


Eye  Movement  Data 

Time  spent  looking  at  HUD: 


Pan  record  of  vertical  eye  movements  based  on 
electro-oculographic  recording  analysed  to  show 
percentage  of  time  looking  at  HUD. 


gub.jective  Data 

Opinions  on  trial  add  Based  on  questionnaires  and  final  debriefing, 

woricing  conditions: 


RESULTS 


Only  the  data  from  the  aignt  pilot  subjects  will  be  considered  in  this  section;  the  data  from  the 
four  non-pilot  subjects  will  be  considered  in  the  'Discussion'  section. 

Effects  on  TV  Tasks  of  Concurrent  Vorkload 

The  TV  target  detection  times  showed  that  the  addition  of  the  HUD  monitoring  task  increased  the 
average  detection  time  by  0.3  seconds  whereas  the  addition  of  the  HUD  manual  control  task  increased  the 
detection  time  by  0.9  seconds  compared  to  the  baseline  figures  obtained  when  the  subject  was  performing 
the  TV  tasks  only.  Analysis  of  variance  showed  that  these  differences  between  conditions  were 
statistically  significant  at  the  O.lii  level. 

The  mean  TV  display  tracking  errors  over  the  10  second  period  (in  arbitrary  units)  are  shown 
below: 


Working 

Condition 

S 

Mean  Tracking  Error  Score  | 

in  X 

in  y 

TV  + HUD  Manual 

59.0 

38.9 

TV  + HUD  Monitor 

38.0 

25.1 

TV  only 

36.1 

22.5 

Analysis  of  variance  showed  that  the  differences  between  the  working  conditions  for  the  y axis  were 
significant  at  the  level. 

Effect  on  HUD  Tasks  of  Concurrent  'Workload 

nie  HUD  manual  tracking  errors  in  x and  y were  compared  when  the  pilot  either  had  or  had  not  the  TV 
tasks,  that  is  the  second  halves  of  the  HUD  manual  and  the  TV  * HUD  manual  runs  were  compared.  The 
mean  tracking  error  scores  are  shown  below  (in  arbitrary  units): 


Working 

Tracking  Error  Score 

Condition 

in  X 

in  y 

HUD  Manual 

49.1 

21.2 

TV  e BUD  Manual 

95.7 

55.6 

Analysis  of  variance  showed  that  the  addition  of  the  TV  task  significantly  impaired  HUD  tracking 
performance  in  both  x and  y (p  < O.Ut  for  both  axes). 
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The  response  times  to  the  HUD  monitorin,t  slj^nl  were  examined  to  see  if  there  was  any  chanf^  in 
mean  response  time  when  the  TV  tasks  were  required  of  the  pilot.  nie  mean  times  for  the  236  signals 
are  shown  below: 


Working 

Condition 

Mean  Reaction  Time  (secs) 

TV  off 
TV  on 

0.43 

0.93 

Analysis  of  variance  showed  that  this  difference  was  significant  at  the  0.15^  level. 

Eye  Movement  Data 

The  percentage  of  time  that  the  pilot  spent  looking  up  at  the  HUD  was  analysed  according  to 
whether  the  television  monitor  was  on  or  off  for  each  of  the  two  working  conditions;  the  results  are 
shown  below: 


Working 

Percentage  of 

time  looking  at  HUD 

Condition 

TV  off 

TV  on 

HUD  Manual 
Control 

60.3 

39.3 

HUD  Monitoring 

45.0 

21.4 

Analysis  of  variance  showed  that  the  differences  associated  with  the  TV  monitor  being  on  or  off 
were  significant  at  the  O.IJJ  level.  In  addition,  the  differences  between  the  two  HUD  working  con- 
ditions were  significant  at  the  1'^  level. 

Subjective  Data 

The  questionnaires  asked  about  the  conduct  of  the  trial,  in  particular  as  to  whether  the  subjects 
thought  that  the  amount  of  familiarisation  -md  training  that  they  had  received  was  adequate  and  whether 
the  work/rest  scheduling  of  the  trial  had  caused  any  fatigue  or  eyestrain.  Responsss  to  these 
questions  indicated  that  the  subjects  thought  the  training  scheme  had  been  adequate  (a  finding  supported 
by  the  objective  data  analysis)  and  that  they  thought  that  their  performance  had  not  been  affected  in 
any  way  by  fatigue  or  eyestrain. 

Subjects  were  asked  to  rink  the  working  conditions  from  hardest  to  easiest;  the  overall  order  that 
was  obtained  from  these  razUiings  was  (hardest  working  condition  first): 

1.  TV  tasks  plus  HUD  manual  control. 

2.  TV  tasks  plus  HUD  monitoring. 

3.  HUD  manual  control  only. 

4.  TV  Tasks  only. 

A coefficient  of  concordance  showed  that  there  was  significant  agreement,  amongst  the  subjects  on  this 
order  of  difficulty  (p  < DC). 

DISCUSSION 

Dual  Task  Performance 

Uhen  the  two  tasks  of  controlling  the  aircraft  and  of  operating  the  TV  guided  missile  were  per- 
formed at  the  same  time,  performance  on  both  tasks  was  degraded  compared  to  the  condition  when  only  one 
task  was  performed.  This  general  deterioration  in  perfom.ance  took  place  in  spite  of  the  instructions 
to  the  subjects  which  emphasised  the  primary  nature  of  the  eurcraft  control  tasks  and  would  also  appear 
to  be  against  the  experience  of  the  subjects  who,  as  experienced  pilots,  would  be  aware  of  the  relative 
importance  to  be  given  to  the  two  tasks  in  the  real  airborne  situation.  This  finding  fits  is  with  the 
work  sumir.irised  by  Rolfe  where  in  the  secondary  task  experimental  situation  it  is  customary  to  find  a 
degradation  of  performance  at  tlie  primary  task  even  when  the  instructions  stress  the  importance  of 
maintaining  the  highest  level  of  performance  at  that  task. 

The  subjective  ranking  of  difficulty  of  working  condition  showed  that  the  situations  in  which  the 
pilot  was  required  to  undertake  both  the  TV  tasks  and  the  HUD  tasks  concurrently  were  judged  to  be  the 
hardest.  The  order  that  the  subjects  unanimously  agreed  on  was  that  the  addition  of  the  HUD  manual 
control  task  made  more  difference  than  the  addition  of  the  HUD  monitoring  task.  This  finding  is  con- 
firmed by  the  effects  that  the  two  HUO  tasks  had  on  the  concurrent  TV  tasks.  For  both  TV  target 
detection  and  TV  target  tracking,  performance  was  more  degraded  by  the  need  to  undertake  the  HUD  manual 
control  task  than  by  the  need  to  perform  the  HUD  monitoring  task. 


The  eye  novement  data  show  that  when  the  VI  display  was  on,  the  subject  spent  significantly  less 
tine  looking  at  the  HUD,  It  is  interesting  to  note  that  when  the  VI  display  is  on  and  the  pilot  looks 

at  the  HUD  for  only  half  of  the  tine  he  spends  when  the  TV  display  is  off,  that  his  HUD  tracking  errors 
and  the  HUD  nonitoring  response  tines  double  in  size.  It  would  appear  fron  the  data  on  viewing  tines 
and  on  tracking  perfoncance  in  the  HUD  nanual  control  runs  that  subjects  achievb  their  best  level  of 
performance  when  they  spend  some  two-thirds  of  their  time  looking  at  the  HUD.  For  the  tasks  studied  in 
this  simulation  situation  it  appears  that  any  other  cockpit  task  that  occupies  more  than  the  remaining 
one-third  of  their  time  would  appear  to  cause  a deterioration  in  their  primary  control  task  performance. 

Comparison  of  pilot  and  non-pilot  subjects 

The  results  obtained  fron  the  four  non-pilot  subjectc  were  very  similar  in  the  pattern  of  perfor- 
mance to  the  results  obtained  from  the  eight  pilot  subjects.  The  non-pilot  subjects  showed  the  sane 
significant  increase  in  TV  target  detection  times  and  in  TV  tracking  errors  as  the  concurrent  workload 
was  increased.  Similarly,  performance  at  the  HUD  tasks  was  degraded  when  the  subject  was  required  to 
undertake  the  TV  tasks. 

The  main  difference  between  the  two  groups  was  that  the  non-pilots  showed  a greater  fall  in  per- 
formance at  the  aircraft  control  task  as  the  total  workload  was  increased.  This  can  be  illustrated  by 
the  HUD  manual  control  performance  scores: 


Working 

Condition 

Mean  integrated  error  score 
(.trbitrary  units) 

X 

axis 

y 

axis 

Pilots 

Non-Pilots 

Pilots 

Non-Pilots 

HUD  Manual  only 
TV  ♦ HUD  Manual 

m 

61.4 

153.3 

21.2 

55.6 

23.2 

64.1 

This  result  agrees  with  the  finding  that  a secondary  task  has  a greater  effect  on  primary  task 
perfora-ince  for  the  less-sl-.illed  subject  than  for  those  who  luive  achieved  a high  level  of  skill  on  the 
primary  task  (see  Baker  et  al,  1951). 

CONCLUalCH 

The  increase  in  workload  resulting  from  the  addition  of  a secondao?  task  in  a simulated  flying 
situation  reitilted  in  a degradation  in  performance  at  both  of  the  tasks  despite  the  instructions  given 
to  the  subjects. 

The  subjects  did  not  attempt  to  maintain  their  primary  task  performance  level  constant  and  fit  in 
the  secondary  task  when  possible  but  rather  tried  to  achieve  a satisfactory  level  of  performance  at 
both  tasks.  It  can  be  argued  that  in  the  real  flight  situation  the  pilots  would  employ  different 
tactics  to  those  they  used  in  the  flight  simulator.  However,  no  evidence,  either  objective  or  sub- 

jective, is  available  from  this  ;itudy  to  support  this  hypothesis. 

The  overall  conclusion  is  that  if  the  highest  level  of  performeujce  is  required  of  a pilot  then  he 
should  be  freed  from  the  requirement  to  undertake  any  possible  conflicting  concurrent  tasks. 
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GUIOttlO 

COUniDAU 

JEX 

COIKIMIMLE 

QUESTION 

CORKINIMU 

QUESTION 

COUIHDALE 

WEWERIMKB 

CORKINIMU 

WIUIMSON 

CORKINIMU 

MIODUTON 

CORKINIMU 

BRIDMCHIM 


NacNAittRA 


DIXUSSIOH 

When  the  aubject  «aa  aonltorlng  the  head*up  dlapley  alone  waa  he  apendlng  only 
43X  of  hia  tiaa  looking  et  it?  la  thla  not  rat’>cr  low?  Have  you  any  explanation? 

He  did  not  record  In  detail  where  the  aubject  looked  in  the  cockpit.  He  recorded 
only  the  awount  of  tiwa  they  apent  looking  at  the  haad>up  diaplay.  The  reat  of 
the  tiwe  they  looked  at  the  televiaion  diaplay  or  at  the  other  controls. 

Haa  the  pilot  using  only  tna  haad-up  display  to  control  the  aircraft  or  were 
othar  instruaents  present  idiich  he  could  look  at? 

The  subjccta  used  other  inatrunenta  es  well. 

Tha  instructions  did  not  sey  thet  waking  a hit  was  . uoject  of  tha  aission. 

It  would  seea  to  ae  that  under  these  conditions  they  would  try  to  pey  e lot  of 
attention  to  the  television  aissila  control  test  ss  long  as  the  aircraft  was  not 
getting  out  of  control. 

That’s  right.  Obviously  you  cone  heck  eventually  to  tha  difficulty  thet  any 
siaulator  study  which  purports  to  be  a high  rpeed  low  lavel  situation  lacks 
thrast  to  the  subject. 

I would  ergue  that  in  feet  it  was  optiaal  under  the  ground  rulas  you  iapose  on 
tha  subjects  and  the  conditions  you  iapose  on  thea. 

It  use  optiaal  under  the  ground  rules  the  subjects  iaposed  on  theaselves  which 
was  their  rewrite  of  our  instructions.  Tha  subjects  always  appear  to  try  to 
optlaise  everything  or  optiaisa  the  coapleta  alx.  One  would  rather  gat  pass 
Barks  on  everything  rather  than  high  aarks  on  one  task  and  sero  aarks  on  another. 

Did  you  Instruct  the  pilots  to  perfora  the  nonitoring  task? 

He  did  not  foraally  instruct  thea  on  the  seen  pattern  for  aonitoring  the  heed*up 
display. 

I wonder  if  you  would  agree  that  there  aay  be  toae  high  load  situations  idiere 
two  teaks  aay  be  better  than  one? 

If  you  have  two  tasks,  one  of  which  is  undeaanding  or  unarousing,  then  an 
additional  task  is  likalv  to  iaprove  perforaance.  Tha  difficulty  coaes  idtan 
you  hava  two  tasks  both  of  idiich  require  a fair  aaciunt  of  attention.  In  that 
esse  you  aay  overload  the  individual. 

Tou  were  providing  the  subjects  with  two  saparete  tasks  precticallv  idanticel. 

If  you  want  to  get  the  aissila  on  the  target  you  require  e different  type  of 
display  froa  the  head>up  ona. 

This  has  been  suggested.  If  you  could  in  this  sort  of  situation  bring  about  a 
trua  Integration  of  the  two  inforaatlon  sources  than  this  aay  be  one  wey  of 
getting  the  pilot  to  integrate  the  two  tesks.  Unfortuneteiy  there  is  doubt  as 
to  how  far  such  integration  is  feasible  since  the  subjects  would  tend  in  auny 
casas  to  regard  a so  called  intagrated  task  as  being  coaposed  of  two  eleaents. 

He  have  been  looking  to-day  at  tha  use  of  siaulation  and  the  eaphasis  so  far 
has  been  quits  different  froa  ay  experiance.  Sisailation  has  bean  a very 
effective  tool  in  the  researen  and  developaent  of  controls  and  displays. 

In  this  approach  there  is  no  naad  to  duplicate  ell  aspects  of  reality.  He  heve 
been  looking  at  siaulation  froa  one  of  its  weakest  points  ie  the  need  to 
duplicate  reality.  But  you  can  work  in  a cost  affective  Banner  with  siaulation 
which  will  laad  to  flight  validations. 

Thank  you  for  your  coaaant,  parsonally  I would  agree.  One  of  the  probleas 
I have  felt  with  regard  to  siaulation  is  transferring  in  an  absolute  sanse  as 
opposad  to  a screening  approach. 


SIHULAIIOI  OF  Hia  HOKUUD  OPlUnOMS 
U AIK  TO  AIK  OOMAI 

Dr.  r.  M.  HolAan,  Mkjor  D.  B.  Bogars 
and  Or.  C.  K.  Kaplogla 

Aaroapaca  Hadical  Baaaarch  Laboratory 
. Wrlgbt-Fattaraon  Air  Forca  Baaa,  Ohio  45A33 


UtTBODDCIIOn/smaiaT 

Ganaral  aathoda  and  tachnlquaa  for  pradictiag  tha  aiaaion  affactivanaaa  of  candidata  ayataaa  in  tha 
prallBinaxy  daaign  ataga  and  pradlcting  tha  htaan  oparator'a  aiibjactiva  prafaranca  for  tha  caadidata 
daalgna  ara  not  ganarally  avallabla.  For  tboaa  tachniquaa  which  hawa  baan  uaad,  with  aoM  auccaaa,  than 
axiata  tha  quaation  of  validation  and  ganaral  ^licabillty.  Thua,  toola  and  tachnlquaa  which  can  naaaura 
hunan  parfonmca  and  Ita  conaaquanca  upon  nlaaion  affactivanaaa  ara  currantly  llaltad  In  tbair  application 
to  apacific  ayatana.  Thla  raport  dlacuaaaa  tha  problaaa  aaaociatad  with  workload  naaauranant,  providaa  a 
atructura  for  tha  atudy  and  analyala  of  hunan  parfomance  and  daacrlbaa  tha  toola  and  tachnlquaa  uaad  by 
tha  6570th  AM0./EM  to  provlda  affactivanaaa  varaua  daaign  data  with  apacific  axanplaa  from  air  to  air 
conbat  nan-ln-tba-loop  alnulatlona  parfomad  in  tha  Laboratory.  Tha  raport  concludaa  with  a diacuaaion  of 
nan-in-tha-loop  aiaailation  as  a taclmlqua  for  ayatan  apacific  hunan  parfomance  data  and  as  a sourca  for 
the  data  requirad  to  develop  ganaral  nathoda  and  tachniquaa  for  predicting  tha  parfomance  of  nannad 
weapon  ayatana. 


WOKKLOAD 

Attaapta  to  naaaura  hunan  workload  suggest  that  workload  par  se  la  a usaful  concept  in  tiia  daaign  and 
evaluation  of  ayatan  parfomance.  Workload  has  thus  bacone  a figure-of-nerlt  comonly  uaad  to  rate  tha 
excallenca  of  a ayatan  or  to  conparatlvaly  evaluate  tha  excallance  of  aavaral  ayatana.  Currant  naasuras 
of  workload,  however,  are  prlnarlly  dependant  upon  nan's  capability  to  perfom,  e.g.  rasponaa/reaction 
tine,  his  subjective  evaluation  of  tha  Job  and  its  difficulty,  e.g.  pilot  rating  achanas,  and  physiologic 
naasurea  of  effort,  a.g.  heart  rata,  oxygen  conaunption.  There  ara  vary  few  neaauraa  of  workload  which 
ariaa  solely  fron  an  anglnaarlng  an^ysla  of  tha  system  itself  or  from  direct  aaaaurmant  of  systm 
parfomance.  Thua,  workload,  while  being  an  intuitively  daaireablc  and  often  uaad  criterion  for  evaluation 
and  conpariaon  collapaas  into  an  sltuatlonally  dependant,  often  Inconsistent  and  aasantially  indirect 
naasure  of  nan's  affactivenaaa  and  his  subjectiva  evaluation  of  that  affectivenaas. 
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We  have  davelopad  an  alternative  approach  to  ayatana  studies  Involving  nannad  weapon  operations.  In 
order  to  provide  a franework  for  tha  dlacussion  of  hi^  workload  operations  in  air  to  air  co^at,  tha 
ayateae  using  air  coebat  nlssions  will  be  dlsactad  into  three  parts  and  an  analysia  of  workload  factors 
for  each  of  the  three  parte  will  be  done  from  the  viewpoint  of  the  aircraft  system  designer. 

There  are  three  areas  of  concern  to  tha  system  daslgner  in  the  large  sense.  First  ia  the  engineering 
performance  of  the  system  hardware.  In  air  to  air  coebat  these  factors  include  cllnb/dive  rate,  rate  of 
turn,  thrust  to  weigh  ratio,  payload,  and  mission  range.  Second  is  the  nan's  ability  to  operate  and 
control  the  system.  Again  in  air  to  air  coabat  these  factors  Incl’ide  control  and  display  Interfacas, 
cortrol  aysten  design,  cockpit  configuration,  life  support  system,  ride  and  flight  control  quality.  The 
third  najor  area  is  that  of  nleslon  performance.  The  major  factors  here  in  air  to  air  conbat  include  air 
conbat  maneuverability,  survivability  of  the  aircraft,  and  the  effectiveness  of  the  aircraft  in  delivering 
weapons,  avoiding  threats,  en  routs  navigation,  take-off  and  landing.  Levels  of  workload  are  created  or 
established  in  all  three  areas.  The  engineer  iWsIgna  the  hardware  systen  which  nan  nust  use  thus  building 
into  the  systen  hardware  dependent  workload  factors.  The  pilot  touches,  nanipulates  and  controlc  the 
various  interfacas  available  to  hln  according  to  bis  concept  of  systen  operation  and  mission  objective 
thua  generating  on  nan  depandent  workload  factors.  The  pilot  and  his  aircraft  work  together  to  achieve  a 
nlaaion  driven  goal  and  objective  thus  establishing  mission  dependent  workload  factors. 

Obviously,  all  thrae  of  these  areas  Interact  and  are  nutually  dependent  upon  each  other.  Further,  it 
is  usually  the  mission  goal  which  drives  the  daslgn  considerations  of  the  systen  and  also  drives  the 
motivation  of  the  human  operator  to  beat  utilize  his  expertise  and  the  capability  of  the  systen  he  is 
operating  to  acconplish  the  nlsslon  goal.  There  are,  in  addition  to  the  above  factors,  constraints  iiq>osed 
upon  the  systen  designer  and  human  operator  which  include  costs,  nalntainability , reliability,  training, 
and  prior  experience. 


DESICH  COHSIDEKATIOHS 

This  reprasentation  of  the  air  combat  scenario  providaa  a nethod  of  putting  into  perapectiv;  some  big 
questions  concerning  workload.  What  la  workload?  How  should  it  be  measured?  Are  there  general  principlas 
and  techniques  of  workload  simulation  and  measurement  which  can  be  applied  to  any  systen?  Can  the 
application  of  thase  general  nethods  and  techniquss  be  used  in  the  preliminary  desi^  stage  to  design  and 
build  better  nllitary  systems?  Can  the  uncertainty  of  hunan  performance  and  the  uncertainty  of  hunan 
response  to  environswntal  and  psychological  strass  be  Included  in  these  general  methods  and  techniques? 

The  most  laportant  short  tern  problem  for  the  syaten  designer  is  the  availability  of  data  to  be  used 
in  the  evaluation  of  the  nlaaion  effectiveness  of  candidate  system  designs.  Valid  evaluations  of  the 
mission  effectivenass  of  candidate  systens  can  be  used  in  conjunction  trlth  costs,  maintaln^ility , 
reliability  and  training  factors  to  arrive  at  useful  trade-off  Judgments  in  the  selection  of  specific 


dMltn  (oal* 


Th*  aMt  laportant  long  t«ia  problw  for  tbo  aystaa  dMlgaor  la  aolviag  for  tha  optlaal  daalpi  of  a 
apataa  with  toola  aad  tachalguaa  which  tha  daalgpiar  can  uaa  hlaaalf  aad  la  which  tha  daalgnar  haa  coafldanca. 
Thaaa  toola  and  tadmlquaa  would  lacluda  rapraaantatlona  of  tha  hardwara  Mud  huMB  parforaanca  and  alao 
Inclttda  rapraaantatlona  of  tha  alaalon  acanarloa  and  goala. 

Tha  aaaauTaaaat  of  huaan  workload  la  ohvloualy  Inwolvad  In  tha  aolutloa  of  tha  flrat,  abort  tarn, 
objactlwa,  and  la  obwloualy  Involvad  la  tha  aacond,  long  tara  goal.  Tha  abort  tara  goal  can  ha  aatlaflad 
by  data  aloaa,  wblla  tha  long  tara  goal  raqulna  raductloa  of  tha  aaaa  data  Into  ganarlc  pradlctora  of 
parforaanca.  If  th^^^  tachalquaa  uaad  to  aolva  tha  flrat  abort  tara  goal  ara  valid  and  If  In  davaloplng 
and  ualng  thaaa  tadmlquaa  the  Invaatlgatore  ara  alalng  at  tha  aolutlon  of  tha  long  tara  goal  than  tha 
predictive  tachalquaa  raqulrad  in  tha  aolutlon  of  tha  aacond  goal  vlU  evolve  naturally  In  tha  pxocaaa  of 
aupplylag  tha  ayataa  dealgaar  with  ayataa  ap'^lflc  alaalon  affactlvaneaa  avaluatlona.  Integral  within 
thla  phlloaophy  la  tha  requlraaant  for  cc^alatancy  of  tha  tachnlquea  and  aathoda  uaad  In  tha  evaluation 
and  tha  requlxaaanta  that  all  avataaa  apaclflc  atudlea  uaa  conalatent  tachnlquea  ad  aathoda  which  can  ha 
validated.  Thaaa  tachalquaa  auat  abaorh  anglnaarlng  daflnltlona  of  hardwara  ayaCeaa  and  aasantlally 
alailar  anglnaarlng  dafl^tlona  of  huaan  operator  parforaanca.  Raaaarchare  In  tha  area  of  huaan  workload 
ganarally  ara  working  towarda  tha  aacond  goal  alnca  the  heart  of  valid  pradlctora  of  huaan  and  ayataa 
parforaanca  require  underatandlag  of  and  Inalgkt  into  tha  nechanlana  of  huaan  and  ayvteaa  operator  and 
interaction.  Tha  raaaarch  appeal  of  thla  approach,  however,  la  often  Igiorad  and  rejected  by  the  ayataa 
dealgner  who  auat  dealgn,  build  and  teat  apaclflc  hardwara  to  ha  uaad  by  apaclflc  typaa  of  huaan  oparatora. 
Turthar,  tha  aaaunptlona  aad  conatructa  required  to  avoid  tha  vacuuu  of  undaretandlng  of  nechanlana  and 
data  for  validation  often  land  to  non-taat^la  raaulta  and  vnguanaaa  latolarabla  to  tha  hardware  oriented 
dealgner.  Current  aconcalc  concapta  alao  provide  little  rationale  to  aup^rt  tha  aaaantlallty  of  auch  a 
long  tarn,  reaaonably  expanalve  approach. 

Tha  atnicture  and  phlloaophy  for  the  ainulatlon  and  naaauianant  of  nannad  ayatan  parfomanca  evaluation 
haa  thiM  haan  logically,  although  aonawhat  argunantatlvaly,  aatabllahad.  Tha  tachnlquea  to  be  uaad  nuat 
evaluate  tha  alaalon  affactivaaaaa  of  candidate  ayatena.  In  doing  ao  thqr  lapllcltly  evaluate  tha  workload 
capability  of  tha  hunaa  oparatora.  Thaaa  tachnlquea  nuat  alao  allow  tha  laboratory  to  collect  and  atructure 
a data  haaa  which  can  be  uaad  to  develop  gaoeral  tachnlquea  to  be  ultlnataly  uaad  by  tha  ayatan  dealgner 
for  predicting  tha  parfomanca  of  candidate  nannad  ayatena  and  to  optlnixa  tha  nan-nachina  daaiga  interface. 

6570  AML/EM  nan-in-tha-loop  alnulationa  of  weapon  ayatan  engagenanta  ia  being  uaad  hy  our  laboratory 
to  avnluata  tha  affactivanaaa  of  count emaaa urea  agalnat  tha  himan  operator  of  both  ground  baaed  antiaircraft 
artlllaxy  and  of  aircraft  engaged  in  aarlal  conbat.^~^  Man-in-tha-loop  alnulationa  are  parfomad  in  our 
laboratory  to  naaaura  tha  affactivanaaa  of  nannad  aircraft  in  air  coabat  nlaaiona  aa  a function  of 
anvlronnantal  atraaaaa  auch  aa  thamal  and  auatalned  acceleration  loada.^5  Finally,  nan-ln-tha-loop 
alnulationa  of  air  to  air  coibat  axe  parfomad  la  our  laboratory  to  naaaura  tha  nlaaloa  affactivanaaa  of 
candidate  aircraft  cockpit  daalgna.^~^ 

Tha  objactlvea  of  tha  nan-ln-tha-loop  alnulatlrna  parfomad  In  our  laboratory  ara  to  provide  tha 
dajlgnar  with  data  which  ha  can  directly  uaa  to  evaluate  tha  alaalon  affactivanaaa  of  candidate  ayatena  or 
aubayaum.  Inherent  in  tha  affactivanaaa-va-daaign  data  ara  the  affacta  of  hunon  workload  capability 
alnca  real  nan  ara  parfomlng  tha  actual  Joba  raqulrad  In  tha  real  nlaalon.  Tha  dealgner,  however,  nay 
not  be  able  to  dlacem  fron  tha  affactlvanaaa-va-^aalgn  data  whether  the  dlffarancaa  In  affactlvaneaa  ara 
due  to  buna  workload  llnltatlona.  Tha  algnala  recorded  during  the  nan-ln-tha-loop  alnulationa,  however, 
contain  all  tha  Infomatlon  required  to  naka  thla  datemlnatlon. 

An  latagral  part  of  tha  raaaarch  progran  in  our  laboratory  la  the  analyala  and  nodallng  of  the  algiala 
recorded  during  the  nan-ln-tha-loop  alnulationa  for  the  purpoaa  of  datamlnlng  the  control  capability  of 
nan,  l.e.  hla  workload  capacity  and  tha  Intaractiona  between  nan'a  control  capability  and  tha  hardware 
dealgn  foaturea  and  tha  nlaalon  objactlvea.  Tha  analyala  and  nodallng  of  the  bimon  operator  la  a raaaarch 
effort  which  will  raault  In  ganarlc  pradlctora  of  huaan  parfomanca.  Currently,  If  the  daaignar  wlahaa  to 
know  If  tha  affactivanaaa  of  a ayataa  in  a apaclflc  alaalon  la  being  conprlaad  by  hunaa  parfomanca 
llnltatlona,  thla  onower  can  ha  provided  throu|fi  the  analyala  and  nodallng  effort,  but  only  for  tha  apaclflc 
nlaaiona  atudlad  In  tha  non-ln-tha-loop  alnulationa. 

In  tha  area  of  air  to  air  coiftat  our  laboratory  baa  provided  affectlvanaea-va-dealgn  data  for  tilt-back 
cockpit  aaat  conflguratlona  and  la  curmntly  evaluating  two  apaclflc  aircraft  cockpit  dealgno.  The 
laboratory  haa  additionally  provided  affactlvauaea-va-daalgn  data  for  air  to  air  coabat  countamaaauraa, 
and  haa  recently  conplatad  nan-ln-tha-loop  alnulationa  which  provided  affactlvanaaa-va-daalgn  data  In  tha 
area  of  onergancy  airborne  oacapa  procaduroa  for  the  B-1  and  F-15  aircraft. 


B-1 


Tha  prediction  of  pilot  parforaanca  la  flight  anvlronnanta  to  dangaroua  to  produce  In  flight  toot  la 
a ganarlc  problan  anaqpllflad  hy  a toak  recently  conplatad  for  tha  B-1  Syatea  Progran  Office.  Tha  quaatlon 
addraaaad  waa  that  of  niman  parforaanca  In  on  ejection  aaquanca  during  obnomol  flight  attltudea.  Tha 
Dynanlc  Eavironnaat  Slnulator  (DES)  woa  uaad  to  produce  a non-ln-tha-loop  ainulatlon  of  the  B-1  nlaalon 
profile.  Fllota  in  a B-1  cockpit  ainulatlon  flow  a low-laval,  high  apaad  profile,  followed  hy  ona  of  a 
aat  of  advarea  flight  altuatlona.  Acceleration  forcaa  oa  aean  In  a apln  were  applied  to  tha  pilot  who 
than  attanptad  to  parfom  tha  raqulrad  ejection  aaquanca.  The  atudy  ahowa  (Fig  1)  that  the  tine  raqulrad 
for  tha  ejection  aaquanca,  fron  atart  to  conplatlon,  la  datamlnad  by  tha  nagaltuda  and  direction  of  the 
G vector.  The  raaulta  of  thla  atudy^  woa  uaad  by  tha  alrfrana  contractor  to  evaluate  tha  affactivanaaa 
of  the  anergancy  olrcrow  ejection  ayatan. 


A6-3 


In  aupport  cf  th«  F-IS  High  Angle  of  Attack  taat  progran  a nan-ln-thc-loop  alnulatlon  atudy  of  an 
F-15  apin  recovery  operational  aequence  waa  perforaed.  Three  F-15  taat  pllota  vere  aubjectad  to  three 
acceleration  prof Ilea.  The  three  acceleration  profllaa  were  aelected  on  the  baala  of  the  adveree  g forcaa 
which  the  F-IS  pllota  would  be  expected  to  encounter  In  apln  recovery  operatlona  In  the  F-15.  The  profllea 
laated  for  40  aec  and  cooalated  of  -4.3  Gx,  4-1  Gx,  -4.3  Gx,  -1  Gz  and  -4.3  Gx  with  an  oaclllatlng  Gz 
coaponent  of  i 1 Gx  at  a .5  Hz  frequency.  The  DBS  cockpit  waa  configured  according  to  the  F-15  cockpit 
conplete  with  aeat  reatrelnt  ayatea  and  a aock-up  of  the  apln  recovery  control  box  to  be  uaed  In  the  actual 
flight  teat  progran.  The  pllota  were  F-15  teat  pllota,  and  naabera  of  the  centrifuge  aubject  panel. 

The  reaulta  of  thla  atudy  ahowed  that  the  pllota  could  tolerate  the  three  profllea  with  aone  Incipient 
nauaea  reported  during  the  oaclllatlng  Gz  profile,  but  that  najor  changea  In  the  F-15  hardware  apln  recovery 
ayatea  were  neceaaaty.  The  apln  recovery  control  box  waa  aodlfled  In  Ita  awltchology  to  allow  for  better 
ivltch  fiBictlon  and  the  procedurea  uaed  In  returning  the  aircraft  to  a atable  configuration  In  tema  of 
the  pilot 'a  uae  and  aanlpulatlon  of  the  rudder  and  control  atlck  were  changed. 

MAH-DI-THE-UX)P  SIMUUTIOW 


Man-ln-the-loop  alnulatlon  In  conjunction  v'lth  the  evaluation  technlquea  of  vulnerability  aaaeaaaent, 
aurvlvablllty  aaaeaaaent  and  weapooa  ef fectlveneaa  aaaaureaent  la  a aatlafactory  technical  approach  to  be 
uaed  In  the  evaluation  of  alaalon  ef fectlveneaa  of  ayataa  apeclflc  candidate  wanned  ayateaa.  Further,  data 
generated  during  a aan- In- the- loop  alaulatlon  atudy  can  be  uaed  directly  to  develop  aodela  of  huaan 
perforaance  and  aan-aachlne  perforaance  which  can  be  uaed  to  optlalze  the  dealgn  of  ayateaa  whoae  paraaeters 
are  In  the  neighborhood  of  apeclflc  ayatea  alaulated  In  the  aan-ln-the-loop  atudlea. 

The  feaalblllty  of  ualng  aan-ln-the-loop  alaulatlona  for  alaalon  ef fectlveneaa  aeaaureaent  la  dependent 
upon  the  raaourcea  available  to  the  dealgner  or  laboratory  and  upon  the  validation  of  the  ef fectlveneaa 
aaaauraaanta.  The  advantagaa  of  aan-ln-the-loup  alaulatlon  abould  Include;  a reallatlc  work  envlronaent, 
l.e.  real  aan  or  aan  perforalng  tha  real  Joba;  a taak  anc^  taak  aequence  which  can  be  controlled  by  the 
experlaanter;  atreaaoxa  aaaoclated  with  the  real  world  which  can  be  applied  dynaalcally;  a aufflclent 
atatlatlcal  data  baae.  Alao,  the  huaan  operator  ahould  be  given  weapon  perforaance  feedback  Information 
and  the  huaan  operator  ahould  be  allowed  to  optlalze  hla  control  and  atrategy.  The  coata  of  obtaining  the 
alaalon  ef f ectlvaneaa  data  weighed  by  the  advantage  of  having  a aufflclent  atatlatlcal  data  baae  are  lesa 
than  coaparable  field  and  flight  taat  data  and  finally,  the  real  world  data  baae  la  directly  coaparable  to 
the  aan-ln-the-loop  data  baae  thua  validation  la  poaalble. 

Deaplte  thla  lapreaalve  Hat  of  the  advantagea  thare  are  real  probleaa  aaaoclated  with  ualng  aan-ln- 
the-loop  alaulatlon.  Funda  and  aanpower  reaourcea  aay  Halt  the  detail  uaed  in  the  alaulatlon,  and  It  la 
not  alwaya  poaalble  to  retlonally  prlortlza  alaulatlon  requlreaenta.  Thua  an  Inveatlgator  aay  chooae  to 
coaproalM  tha  fidelity  of  a dlaplay  in  favor  of  a wore  faithful  repraaentatlon  of  the  control  ayataa. 
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Thw«  coapwl—  wKj  aad  iMually  do  l««d  to  our  mcortalnty  in  tho  interpretation  of  the  raaults  of  the 
siwilatlon  studiaa.  Entinaaring  aqcationa  deacribint  the  dyiUHic  raaponae  of  a target  or  an  airtrane  or 
the  aaeociated  eulnarability  repreaantativa  of  the  target  and  the  balliatic  characteriatics  of  projectile 
■iaailea  and  warhaada  nay  be  In  doiAt  or  eontaated  aaong  the  aany  eaperta  in  thaac  areaa.  Thua  one  group 
of  reaearcbera  nay  arrive  at  resulta  Mhidi  are  in  conflict  with  another  reaaarcher'a  resulta  aolely  becauae 
the  two  groupa  uaad  differing  aiaaila  aodala.  The  gathering  of  a atatiatically  eignificant  data  baae  froa 
aan-itt-the-loop  ainulatioa  requirea  good  aapertiae  froa  the  diaciplina  of  paychology,  aapecially  in  the 
areaa  of  aaperiaantal  deaign  and  analyaia,  aubject  aalection  and  training,  and  notivation.  Niaaion 
effectivanaaa  evaluation  la  atraight  forward  whan  the  pilnary  concern  ia  weapon  delivery  accuracy.  The 
algnlflcant  varlablaa  audt  aa  hita  on  target,  probability  of  kill  and  boib  diaperalon  are  eaay  to  calculate 
and  analyaa.  If  however,  the  primary  concama  arc  ia  the  areaa  of  aaneiverlng  perforaance,  vigilance,  and 
optimal  force  nix,  enginacriug  dcfialtiona  of  candidate  intrlca  are  much  more  difficult  to  construct,  and 
availability  of  differing  vlewpolata  leada  to  unraaolvable  coapronlaee  and  ecdleae  dlacusslon. 

Tha  problama  aaeociated  with  nan-ln- the 'loop  almulatlon  can  uaually  be  raaclved  through  dlscuaslon 
among  tha  repreaentatlvas  of  the  aaveral  diacipliaaa  required  to  complete  an  «';<'eptable  man-ln-the-loop 
etudy.  A major  problem  area  in  nan-in-tbc-loop  studies  which  recclvaa  much  dlscuaslon  but  little  activity 
la  that  of  validation.  Consider  the  apcctrimi  of  simulations  starting  with  the  large  nu^er  of  available 
digital  simulations  for  everything  froa  antiaircraft  artillery/aircrait  engagements  to  full  scale  ca^algn 
models,  and  the  fewer  but  etlU  Impressive  aan-in-the-loop  simulations,  to  the  sparse  but  er.:ri»ely 
expansive  field  and  flight  test  ranges  all  of  which  produce  comparable  data  bases  and  all  of  which  attempt 
to  replicate  environments  of  concern  to  the  systen  designer.  There  are  very  few  examples  where  a program 
office  reeponalble  for  developing  a system  fully  uses  the  power  and  resources  of  these  three  slaulaLfnn 
facilities.  Han-ln- the- loop  simulation  data  can  and  should  be  used  to  develop  better  digital  modals  of 
human  and  systen  performance  and  data  fron  field  and  fll^t  test  programs  should  be  used  to  validate  the 
nan-in-thc-loop  almulatlona.  The  marrying  of  data  aourcaa  and  objectives  of  these  three  areas  of 
elmulatlcu  will  lead  to  the  development  of  -alid  technlqiics  ‘or  predicting  human  and  system  perforaance. 
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SUMMARY 

A longitudinal  atudy  of  pilot  carrier  landing  performance  wna  conducted  to  deacribe  the  influence  of 
prolonged  operationa  on  pilot  performance.  A landing  performance  criterion  previoualv  validated  in  a 
fleet  environment  waa  uaed  to  meaaure  and  compare  pilot  and  aquadron  performance  variaciona  over 
time.  Three  le-  ?la  of  cumulative  workload  were  defined  to  evaluate  concomitant  changea  in  performance 
aaaociated  with  each  workload.  Pilot  landing  performance  improved  over  time  with  more  improvement 
found  in  night  performance  than  day.  The  influence  of  practice  on  carrier  landinga  ia  diacuaaed  in  rela- 
tion to  high  cumulative  workload.  The  performance  criterion  waa  uaed  to  identify  potential  night  pilota 
on  the  baaia  of  landing  proficiency.  High  and  low  proficiency  pilota  alao  were  identified  and  diagnoatic 
training  information  provided.  A atatiatically  aignificant  increaae  in  night  landing  performance  during 
high  cumulative  workload  may  be  due  to  practice  effecta  aa  well  aa  workload. 

INTRODUCTION 

The  effecta  on  pilot  performance  of  prolonged  high-intenaity  flight  operationa  and  the  accompanying 
accumulation  of  atreaa  and  fatigue  are  of  prime  intereat  to  operational  commandera.  In  the  U.S.  Navy 
the  effecta  of  extended  flight  operationa  on  pilot  performance  would  be  uaeful  for  flight  frequency  and 
ahip  deployment  achedulea  aa  well  aa  for  indicationa  of  pilot  performance  effectiveneaa  over  time. 

Landing  oerformance  data  aeem  well  qualified  to  aerve  aa  one  indicator  of  pilot  performance  effec- 
tiveneaa in  fleet  operationa.  Carrier  landing  ia  acknowledged  aa  a critical  phaae  of  flight  and  ia  regarded 
aa  one  of  the  moat  complex  and  demanding  taaka  required  of  the  naval  aviator.  The  aaaumption  made  in 
thia  report  ia  that  pilot  performance  in  a carrier  landing  taak  can  be  meaaured  and  uaed  to  deacribe  the 
relative  effecta  of  different  intervening  variablea  including  workload.  The  recent  development  of  a valid 
and  reliable  criterion  of  pilot  carrier  landing  performance  ha?  facilitated  the  collection  of  performance 
data  in  the  fleet  environment  and  allowed  u«  to  meaaure  and  deacribe  aome  of  the  implicationa  for  carrier 
aviation. 

Early  atudiea  of  pilot  landing  performance  in  a fleet  environment  have  focuaed  on  relatively  abort 
term  flight  operationa  uaually  of  one  to  two  weeks  duration  (1, 2).  Ample  pre-operation  reat  perioda 
were  available  to  pilota  prior  to  thoae  atudiea  and  any  intenaive  look  at  performance  variations  due  to 
cumulative  high  workloads  was  precluded  by  the  limited  data  collection  time  span. 

To  complete  a longitudinal  study  of  pilot  performance  at  least  two  tilings  are  required.  First  a cri- 
terion measure  is  necessary  that  will  reliably  reflect  variations  in  pilot  performance  across  prolonged 
time  periods  of  flight  operation  and  different  levels  of  flight  workload.  Second,  different  cumulative 
workload  levels  need  to  be  operationally  defined  in  order  to  clat  sify  and  measure  specific  segments  of 
work  activity  in  the  fleet  setting. 

A pilot  performance  criterion  that  is  capable  of  providing  descriptive  information  on  relative  levels 
of  pilot  landing  proficiency  has  been  developed  and  tested  under  short  duration  flight  periods.  The  cri- 
terion is  called  the  Landing  Performance  Score  (LPS)  and  has  been  found  to  be  a sensitive  and  valid  cri- 
tr  ' 'a  of  pilot  carrier  landing  performance  (3).  The  LPS  has  been  further  validated  in  two  studies 
d ned  to  predict  pilot  performance.  One  study  used  academic  and  flight  training  measures  to  predict 

i pilot  carrier  landing  qualifications  (4).  Another  study  successfully  predicted  landing  performance 

1 ti.\  measures  recorded  during  final  approach  to  night  recovery  (5). 

Meanwhile,  in  the  area  of  aircrew  workload.  Nicholson  (6)  and  McHugh  (7)  have  provided  the  basis  for 
and  operationally  defined  pilot  workload  level.  Nicholson  suggested  the  idea  of  continuous  operational  per- 
formance capability  as  distinct  from  optimum  performance  demands  experienced  under  high  workload  and 
adverse  circumstances.  McHugh  reformulated  the  idea  into  a cumulative  workload  concept  derived  from 
flight  hours/pilot/day  o/er  time  during  dangerous  missions  over  hostile  terrain.  He  defined  three  levels 
of  cumulative  workload  and  found  them  useful  in  interpreting  the  results  of  a study  of  biochemical  and 
emotional  effects  of  high  workload.  The  successful  application  of  LPS  in  short  duration  descriptive  and 
predictive  studies  and  the  concept  of  cumulative  pilot  workload  levels  provided  the  techniques  required 
to  describe,  analyze  and  compare  the  longitudinal  pilot  landing  data  presented  in  this  report. 

METHOD 

Sample 

Two  aqua  jns  of  naval  aviatorc  flying  the  F4J  fighter  aircraft  were  used  as  subjects  in  the  field 
study.  The  sample  consisted  of  twenty-niue  pilots  who  embarked  on  an  attack  aircraft  carrier  for  a long- 
term deployment  cruise  to  the  Western  Pacific.  All  pilots  were  carrier  qualified  and  ranged  in  rank  from 
Ensign  to  Commander  with  a mean  age  jl  twenty-nine  years.  On  the  average  pilots  had  1.  25  years  of 
carrier  experience,  1451  hours  of  genf.ral  flying  experience  and  706  hours  of  specific  flight  time  in  the 


F4  aircraft.  The  two  aquadrona  were  conaidered  repreaentative  of  the  exiating  population  of  naval  jet 
pilota  and  in  terma  of  mean  age,  education  and  flight  experience  thought  to  be  an  unbiaaed  croaa-aecticnal 
aegment  of  the  naval  fighter  pilot  community.  Two  A7  aquadrona  alao  were  uaed  in  Ihe  atudy  to  provide 
comparative  data  for  a different  aircraft  type.  The  AT  la  an  attack  aircraft  with  a aomewhat  different 
miaaion  than  the  F4  and  waa  aelected  aa  a aecond  aample  for  additional  information  on  performance 
changea  over  time  in  different  aircraft  typea.  The  A7  aample  conaiated  of  22  pilota  who  completed  the 
entire  cruiae.  Their  background  and  experience  were  aimilar  to  their  F4  counterparta. 

Data  Collection 

Lauding  performance  data  were  collected  for  different  time  perioda  during  the  deployment.  In  aome 
caaea  data  were  alao  recorded  during  predeployment  refreaher  training  to  obtain  additional  baaeline  per- 
formance information.  Landing  data  for  day  and  night  approachea  were  obtained  from  ahip  loga  and 
Landing  Signal  Officer  (L.SO)  log  booka  and  included  information  on  pilot,  aircraft,  launch  and  recovery 
time,  landing  aequence,  landing  reaulta  and  LSO  qualitative  evaluationa  of  each  recovery.  Environmental 
data  in  the  form  of  wind-over-deck,  aea  atate,  weather,  deck  pitch  and  trim,  ceiling  and  viaibility  and 
aun/moon/horizon  data  were  alao  routinely  recorded. 

Landing  data  were  categorized  by  individual  pilota,  aquadron  or  aircraft  type,  and  by  day  or  night 
recovery.  Each  aircraft  approach  reaulted  in  one  of  aix  landing  categoriea;  a technique  wave  off, 
wire  #1,  2,  3,  or  4,  or  a bolter  (touchdown  without  arreatment).  The  landing  categoriea  were  aaaigned 
weighted  acorea  repreaenting  the  quality  of  landing  aa  deacribed  by  Brictaon  (3).  In  aimple  form  each 
landing  category  waa  objectively  aaaigned  a acore  baaed  on  a acale  of  1 to  6.  The  acale  had  been  pre- 
vioualy  rank-ordered  and  aaaigned  weighta  by  aenior  LSOa  (aee  Figure  1).  The  reault  waa  a criterion 
meaaure  of  pilot  landing  performance  called  the  Landing  Performance  Score  (LPS).  The  LPS  ia  baaed 
on  an  equal  interval  acale  of  landing  quality  that  repreaenta  an  LSO  concenaua  of  the  relative  numerical 
value  of  each  poaaible  landing  outcome. 

Each  pilot  carrier  landing  waa  tranafbrmed  into  LPS  data  and  converted  to  card  form  for  computer 
atatiatical  treatment  and  printout.  LPS  data  were  compiled  into  apecific  time  perioda  and  atatiatically 
grouped  to  facilitate  compariaona  ove  'elatively  equivalent  time  aegmenta. 


Pilot  Workload 


L 


Workload  conaiderationa  were  baaed  on  an  operational  definitiou  of  three  levela  of  aircrew  workload 
aa  deacribed  by  McHugh  (7).  A cumulative  work  concept  waa  employed  baaed  on  the  product  of  average 
flight  houra/per  pilot/per  day,  the  number  of  conaecutive  daya  of  flying  activity  and  the  relative  danger 
of  the  miaaion.  Thia  conceptual  framework  reaulted  in  the  definition  of  three  cumulative  workload 
perioda;  zero,  moderate  and  high.  The  zero  cumulative  workload  level  conaiated  of  pilot  landinga  made 
after  a prolonged  non- flying  period,  uaually  in-port,  during  which  adequate  reat,  recreation  and  recovery 
time  were  provided.  A moderate  cumulative  workload  level  waa  defined  by  eleven  conaecutive  daya  of 
flying  miaaiona  over  nonhoatile  territory.  The  high  cumulative  workload  level  conaiated  of  double  the 
moderate  level  plua  miaaiona  over  hoatile  territory  with  the  poaaibility  of  death,  capture  and/or  heavy 
enemy  offenaive  actiona.  Thua,  high  workload  waa  defined  by  22  daya  conaecutive  flying  over  hostile 
terrain  with  a high  degree  of  danger.  The  three  workload  levela  were  aelected  in  coordination  with 
anotiier  Navy  data  collection  team  that  waa  inveatigating  biochemical,  emotional  and  aleep  correlatea 
aaaociated  with  atreaa  and  fatigue  ov  jr  long  term  flight  operationa  for  the  aame  pilot  aample  (7). 


RESULTS 


The  reaulta  are  preaented  in  two  parta.  Part  one  deacribea  longitudinal  meaaurea  of  pilot  landing 
performance  by  compariaon  of  population, aquadron  and  pilot  data.  Part  two  deacribea  the  effecta  of 
cumulative  workload  on  pilot  performance. 


Longitudinal  Meaaurea 


Population  Performance.  Figure  2 illuatratea  a population  diatribution  of  day  and  night  landing  per- 
formance acorea  baaed  on  approximately  eight  thouaand  carrier  landing  approachea  by  all  fleet  jet  air- 
craft. It  ahowa  a mean  night  LPS  of  4.  55  and  a mean  day  LPS  of  4.  78  acroaa  all  aircraft.  Compariaon 
of  LPS  data  in  thia  atudy  for  all  F4  and  A7  landinga  over  the  entire  cruiae  reaulted  in  the  following 
information. 


Day  LPS 

Night  LPS 

Sample 

X 

0 

Percentile 

X 

0 

Percentile 

F4 

5.  08 

.26 

88 

4.  67 

. 31 

78 

A7 

5.  05 

. 22 

87 

4.  87 

.28 

90 

Baaeline 

Population 

4.87 

. 24 

50 

4.  55 

.25 

50 

Both  F4  and  A7  night  and  day  landing  performance  were  above  the  population  mean  for  all  aircraft 
and  aignify  that  a high  level  of  proficiency  waa  demonatrated  by  the  deployed  aviatora  throughout  the 
cruiae.  In  fact  the  A7  night  mean  performance  waa  alao  above  the  day  mean  landing  performance  for  all 


aircraft  and  fall  at  tha  90th  pareantila  for  tha  night  baaalina  population.  F4  night  parformanca  waa  at 
tha  78th  pareantila  for  all  night  carriar  landinga.  Although  F4  and  A7  LPS  maana  wera  found  to  ba 
highar  than  tha  population  maan  naithar  F4  or  A7  dlffarancaa  ware  found  to  ba  atatiatically  aignificant. 

Squadron  Parformanca.  F4  and  A7  aquadron  parformanca  for  different  equated  time  periods  during 
tha  cztiiaa  ia  ahown  in  Figuraa  3 and  4.  Figure  3 ahowa  F4  LPS  data  compared  day  and  night  acroaa 
rafraahar  training  and  deployment.  Day  landing  performance  waa  conaiatently  above  night  performance 
and  ahowad  a gradually  increaaing  alopa  of  landing  proficiency  over  time.  Although  the  aixth  time  aeg* 
mant  ahowa  a alight  drop  in  landing  parformanca  the  gradual  upward  trend  ia  evident  again  in  the  laat 
time  period.  Overall  day  landing  parformanca  ahowad  a gradual  but  continuoua  increaae  in  landing  per* 
formanca  acoraa  from  refraahar  training  through  the  and  of  tha  deployment. 

Night  F4  LPS  data  ahow  a ataap  early  gradient  of  improvement  over  time  compared  to  day  landinga 
but  alao  reflect  more  variability  acroaa  time  aegmenta  than  corraaponding  day  LPS  for  the  aame  pilota. 

The  finding  ia  conaiatent  with  other  reported  day  and  night  landing  differ encea  (1).  Time  aegment  five 
ahowa  a marked  increaae  in  performance  followed  by  a gradual  decline  through  time  aavan.  In  general 
night  landinga  improved  over  time  from  refreaher  throughout  the  cruiae. 

A7  day  and  night  landing  performance  are  ahown  in  Figure  4.  Day  landinga  are  characterized  by  a 
moderate  improvement  gradient  over  time  aimilar  to  F4  day  performance.  A7  night  data  ahow  a ateep 
improvement  curve  moat  aignificantly  depicted  between  time  aegment  one  and  two  but  characteriatic  of 
the  entire  cruiae.  In  no  inatance  did  average  night  landing  performance  exceed  day  performance  for 
either  aircraft  type. 

To  determine  whether  the  gradual  pilot  landing  improvement  acroaa  time  waa  a function  of  increaaed 
cumulative  landing  practice,  the  firat  three  time  periods  were  analyzed  by  five  day  intervals  at  the  atart 
and  end  of  each  period.  Each  five-day  period  was  depicted  by  a mean  LPS  day  and  night.  For  night  land- 
ings there  was  a consistent  drop  in  landing  performance  between  time  periods  with  night  scores  lower 
at  the  atart  of  each  time  period  compared  with  the  end  of  the  preceding  time  period.  Cumulative  practice 
effects  for  night  landings  were  verified  by  the  data  analysis.  Day  landings  appeared  to  be  more  consist- 
ent with  no  appreciable  change  in  performance  as  a function  of  increased  practice  or  stop  and  start  time. 

Pilot  Performance.  Individual  pilot  landing  performance  is  described  in  Figures  5 and  6.  Figure  5 
shows  F4  pilot  LPS  data  rank-ordered  by  day  with  each  pilot's  corresponding  night  landing  performance 
plotted  directly  below  with  his  day  rank  order.  Individual  day  landing  performance  shows  a consistent 
high  level  of  proficiency  within  the  F4  pilot  sample.  Night  landing  data  are  more  variable.  Pilots  #9 
and  10  show  the  most  consistent  day/night  landing  performance  while  the  greatest  difference  in  day  and 
night  landing  proficiency  shows  up  for  pilot  #6  and  #14.  Pilot  #14  had  the  lowest  LPS  day  and  night  for 
the  entire  cruise. 

Figure  6 shows  individual  A7  pilot  landing  performance  rank-ordered  by  each  pilot's  day  LPS  with 
his  night  LPS  aligned  with  his  day  rank  order  sequence.  The  most  consistent  pilot  was  pilot  #1  udio  had 
the  highest  day  and  night  landing  performance  score  for  the  cruise.  Pilots  #11,  #12,  #13  and  #14  were 
most  consistent  day  and  night  as  measured  by  the  smallest  difference  in  day  and  night  LPS  values.  Four 
pilots  had  higher  night  LPS  values  than  day  with  pilot  #19  showing  the  largest  increase  in  landing  per- 
formance at  night  compared  today.  Four  pilots  had  large  night  landing  performance  decrements  (Pilots 
#4,  #5,  #10,  #15).  Again, as  with  F4  pilots,  '’ay  landing  performance  was  relatively  consistent  across 
pilots  with  larger  variability  in  individual  night  landing  performance. 

Pilot  reliability  data  indicate  that  during  the  cruise  pilots  were  consistent  in  their  landing  performance 
as  measured  by  correlation  coefficients.  Day  and  night  pilot  LPS  data  correlated  for  A7  and  F4  samples 
at  r = . 53  (p  <.01)  for  the  entire  cruise.  In  terms  of  pilot  consistency  between  time  periods  three  time 
segments  of  F4  pilot  LPS  data  were  correlated  with  independently  derived  LSO  evaluations  of  each  pilot's 
landing  performance.  The  >'esults  indicate  a statistically  significant  relationkhip  with  correlations  of 
r = . 83,  . 64  and  . 87  for  time  segments  I,  2 and  3 respectively.  The  first  and  third  correlations  are 
significant  at  the  . 01  level  with  . 64  being  significant  at  the  . 05  level. 

Figure  7 illustrates  the  diagnostic  capability  of  the  LPS  measurement  technique  for  two  F4  pilots, 

#1  and  #14,  the  highest  and  lowest  landing  performers  for  day  recovery  operations.  Wire  three  is  the 
aiming  point  in  carrier  recovery  operations  and  as  can  be  seen  in  Figure  7 Pilot  #1  touches  down  on  the 
target  wire  30  percent  more  than  Pilot  #14  during  day  recovery  periods.  At  night  Pilot  #1  lands  more 
than  three  times  as  often  at  the  target  wire  than  #14  who  boltered  once  in  every  four  night  carrier 
approaches  during  the  cruise.  Relative  differences  in  day  and  night  landing  outcomes  are  readily  apparent 
from  the  histogram.  At  night  Pilot  #1  catches  the  target  wire  1/3  less  than  by  day  and  increases  the  pro- 
portion of  his  long  (#4  wire)  and  short  landings  (#1  wire).  At  night  the  low  performing  pilot  (#14)  shows 
the  greatest  increase  in  long  landings  (bolters  and  #4  wire)  at  the  expense  of  target  wire  arrestment. 

Figure  7 represents  a diagnostic  description  of  pilot  landing  performance  signatures  or  baseline  per- 
formance data  for  prolonged  operational  flights. 

Cumulative  Workload  Measures 

Different  patterns  of  landing  performance  by  F4  pilots  across  three  levels  of  cumulative  workload 
are  presented  in  Figure  8.  Day  and  night  landing  performance  scores  dropped  slightly  from  a zero  work- 
load to  a moderate  workload  which  consisted  of  II  consecutive  days  flying  over  nonhostile  terrain.  The 
most  significant  change  in  pilot  performance  appears  at  night  between  moderate  workload  and  high  work- 
load or  22  days  consecutive  flying  over  hostile  territory.  The  increase  in  night  landing  performance 


from  moderate  to  high  cumulative  workload  waa  found  atatiatically  aignificant  at  a t = 10.  97,  p < .01. 
Landing  performance  improved  aignificantly  at  ni(^t  under  high  levela  of  workload  compared  with  aero 
and  moderate  work  levela.  By  day,  however,  pilot  landing  performance  meaaured  under  moderate  and 
high  workload  levela  waa  conaiatently  below  zero  workload  level  landing  performance. 

F4  night  landing  capability  waa  higheat  during  high  ctimulative  workload.  F4  pilot  night  LPS  data 
were  alao  found  to  be  higher  than  either  of  the  performance  meana  for  the  entire  cruiae  or  the  baaeline 
data.  Day  LPS  data  were  higheat  under  zero  workload  while  moderate  and  high  workload  landing  per- 
formance waa  equivalent  to  the  day  F4  mean  for  the  entire  cruiae  and  alightly  above  the  baaeline  norm. 

DISCUSSION 

Pilot  landing  performance  during  long  duration  flight  operationa  can  be  meaaured  and  deacribed 
through  application  of  the  Landing  Performance  Score  metric.  Squadron  and  individual  pilot  performance 
aignaturea  were  obtained  during  fleet  operationa  and  variationa  in  performance  were  deacribed  for  differ- 
ent time  perioda  including  three  levela  of  cumulative  workload.  The  aignificance  of  LPS  application  to 
actual  fleet  operationa  may  be  in  the  broad  apectrum  of  operational  landing  performance  that  can  be 
quantified,  deacribed  ai.d  diagnoatically  fed  back  to  all  levela  of  command  from  individual  pilota  to  fleet 
commandera.  The  LPS  provid^a  a common,  objectively  derived  performance  acale  that  can  be  used  to 
develop  performance  atandarda  for  different  levela  of  pilot  training  and  experience  or  to  provide  individ- 
ual landing  performance  curvea  for  both  o;Ly  and  night  operationa. 

There  are  aeveral  operational  implicationa  of  thr  atudy  which  may  have  practical  aignificance  to  the 
fleet.  The  poaaibility  that  aome  pilota  may  land  more  efleciWely  at  night  than  by  day  waa  auggeated  by 
aome  of  the  A7  pilot  performance  data.  Four  A7  pilota  had  higher  night  landing  acorea  than  day,  while 
36  percent  of  the  A7  pilota  had  night  acorea  approximately  equal  to  or  abo''e  their  day  landing  acorea. 

In  addition,  it  waa  demonatrated  that  diagnoatic  training  feedback  on  the  quality  of  landing  performance 
could  be  obtained  from  LPS  data.  Pilot  landing  acorea  were  uaed  to  rank-order  plilota  on  a continuum 
of  landing  quality  and  to  identify  high  and  low  proficiency  pilots.  Pilot  landing  distributions  were  com- 
pared for  diagnostic  data  such  as  target  wire  arrestment  or  long  and  short  landing  trends.  Such  types 
of  information  could  be  useful  to  squadron  and  airwing  officers  or  LSOs  to  assist  in  effective  utilization, 
training  and  assignment  of  fleet  aviators.  In  view  of  the  current  energy  crisis  or  other  flight  curtail- 
ments such  data  conceivably  might  be  extended  tc  provide  operational  selection  criteria  for  individual 
flight  and  mission  assignment,  especially  if  flight  frequency  shortages  affect  maintenance  of  long  term 
pilot  landing  proficiency. 

Different  levela  of  cumulative  workload  were  found  to  influence  carrier  landing  performance  only  in 
the  high  workload  condition  for  night  performance.  The  increased  tempo  of  operations  and  accumulated 
night  experience  acquired  over  22  consecutive  days  of  flying  suggeeta  that  recent  night  landing  experience 
may  be  related  to  the  signiHcant  increase  in  night  landing  performance  during  high  cumulative  workload. 
Some  evidence  exists  to  support  the  idea  that  practice  effects  are  interrelated  with  high  cumulative  work- 
load, especially  at  night.  During  the  cruise  pitots  had  a significantly  greater  number  of  day  landings 
than  night  landings  so  that  under  high  workload  conditions  the  increase  in  performance  may  be  partially 
due  to  more  night  experience  rather  than  a simple  effect  of  high  workload.  LPS  data  for  the  entire 
cruise  lend  added  support  to  the  contention  of  practice  effects  since  landing  performance  showed  a gradual 
improvement  for  both  day  and  night  performance  over  time.  Night  performance  tended  to  show  a steeper 
improvement  gradient  over  time,  especiaily  in  the  early  stages  of  the  cruise.  Day  landing  performance 
changes  were  more  gradual  than  night  changes  probably  due  to  a greater  number  of  day  landings  per  pilot 
for  each  time  period.  ■ With  an  equivalent  increase  in  night  landing  experience  we  would  hypothesize  that 
pilot  night  landing  scores  for  zero  and  moderate  workloads  would  increase  to  correspond  more  closely 
with  day  results.  However,  not  all  of  the  increase  in  night  performance  can  be  accounted  for  by  practice 
effects.  Some  of  the  striking  increase  in  night  performance  under  high  workload  is  probably  attributable 
to  optimum  pilot  performance  as  suggested  by  Nicholson.  Our  data  show  a high  workload  night  perform- 
ance level  that  is  considerably  higher  than  that  accountable  by  practice  effects  alone. 

Night  landing  performance  was  isolated  from  day  performance  because  it  is  more  demanding  of  the 
naval  aviator.  It  requires  more  skill,  attention  and  concentration  by  the  pilot  compared  to  day  recovery 
and  probably  is  more  sensitive  to  fluctuations  in  cumulative  pilot  workload.  Previous  studies  (8,  9,  10) 
have  separately  reported  increased  physioiogical  respo.nse  during  periods  of  pilot  final  approach  and 
landing.  Those  data  indicate  that  landing  is  a demanding  and  stressful  task  that  can  be  associated  with 
changes  in  heart  rate,  finger  tremor  and  biood  chemistry  In  this  study  we  found  night  landing  perform- 
ance to  be  more  sensitive  to  workload  fluctuations  than  day  performance  even  when  practice  effects  are 
taken  into  account.  In  any  future  work  in  this  area  night  landing  measures  should  be  used  as  the  primary 
performance  measure  to  obtain  data  that  is  more  sensitive  to  operational  workload  conditions. 

In  summary  this  paper  has  discussed  the  application  of  a criterion  of  pilot  carrier  landing  perform- 
ance to  describe  performance  variations  associated  with  prolonged  operations  and  different  levels  of 
cumulative  workload.  The  intriguing  question  of  the  predictability  of  pilot  performance  from  intervening 
variables  such  as  experience  and  psychophysioio,^cal  factors  collected  concurrently  with  the  data 
reported  here  is  discussed  in  a sequel  to  this  report  (11). 
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Figure  1.  Carrier  landing  performance  criterion 
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Figure  3,  Comparieon  of  F4  day  and  night  landing  performance  for  refresher  training  imd  seven 
time  periods. 
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Figure  8.  F4  day  and  night  landing  performance  scores  for  three 
levels  of  cumulative  workload. 
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DISCUSSION 

Did  you  eolloct  Inforaation  othor  than  on  tha  touch  down  point.  This  way  halp 
to  diaRnosa  poor  or  good  parforaars  froa  tha  standpoint  of  angla  of  daseant, 
rat')  ate  I 

Not  in  this  particular  study.  Ho  have  collactod  praviously  about  6,000  day 
and  night  final  approach  records  which  deseriba  this  type  of  inforaation. 

Ha  could  account  for  a largo  pareantage  of  par'oraanca  variants  assoclatad 
with  tha  final  approach  by  amply  using  a final  or  tarainal  landing  condition. 
Thara  ii  a nu^bar  of  raports  which  eorraspond  this  landing  parforaanca  seora 
to  tha  radar  raeorda  of  tha  final  approach,  including  glide  slope  angle, 
altitude  above  tha  deck,  sink  rate,  pitch  angle  and  final  approach  spaed. 

In  addition  we  bad  tha  LSO  (landing  safaty  officar)  astiaatas  of  final  approach 
and  landing. 

Uhat  spread  in  the  data  do  you  get  through  weather  conditions? 

During  lign.':  to  heavy  rain  as  opposed  to  noneal  recovery  conditions  we  found 
no  aignlfleant  differences.  The  greatest  dlffaranca  we  find  is  with  a 
pitching  deck. 
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SUMMBT 

The  Inforoatlon  available  to  an  operetlonal  coaaander 
on  the  reliability  and  aervlceablllty  of  the  huaan 
coaponent  In  Che  air  veapona  ayatea  la  Halted  when 
coapared  to  that  avalleble  for  the  alrcreft  and 
other  ayateaa  coaponenta.  The  coaaon  uae  of  totel 
flying  houra  doea  not  provide  the  cnaaander  with 
Inforaatlon  conalatent  with  that  now  available  froa 
aircrew  workload  and  perforaance  atudlea.  A besla 
for  and  the  background  In  the  developaent  of  a trial 
approach  to  providing  conaandera  with  better 
Inforaatlon  on  the  huaan  coaponent  la  deacrlbed. 


INTRODUCTION 

For  over  60  yeara,  the  probleaa  of  htaan  perforaance  In  evlatlon  have  been  aubject  to  atudy  In 
varying  Intenaity.  In  recent  yeara,  the  atudy  of  aircrew  workload  and  perforaance  haa  becoae  Increaalngly 
laportent  for  three  aaln  reaaona: 

e.  aodem  elrcreft  ere  aore  relieble,  aophlatlcated,  and  efflcleoL  and  coaaonly 
can  out  fly  their  crewa; 

b.  alrapace  and  clrporta  have  becoae  aore  congealed,  Increaalng  the  deaanda 
placed  on  crewa;  and, 

c.  financial  conatralnta  ere  forcing  eauclm  effectlveneaa  and  utlllxetlon  of 
both  elrcreft  and  huaan  reaourcea. 

A relatively  recent  Increeaed  Intereat  In  the  probleaa  of  elrcrew  workload  end  perforaance  la 
reflected  In  the  large  nuaber  of  papera  on  thla  aubject  In  the  paat  five  yeera.  Notable  ere  thoae  froa  the 
Hartaan  group  In  the  U.S.,  the  Klein  group  fn  Heat  Geraany  end  the  Nlcholaon  group  In  U.K.  Hhlle  thoae  of 
ua  Intereated  In  thia  area  enjoy  the  underatanding  arlalng  froa  the  freedoa  of  ciinnlcatlon  In  the  lltere- 
ture  end  et  International  gatherlnga,  the  operetlonal  coMander  haa  a problea. 

The  problea  facing  the  operetlonal  coMander  la  how  to  obtain  for  prectlcel  uae  the  huaan  perfora- 
ance  date  that  we,  ea  apeclellata,  have.  How  can  he  aetch  anticipated  workload  with  crew  perforaance 
potential? 


It  la  the  ela  of  thla  paper  to  explore  the  nature  of  thla  problea  and  to  preaent  e prectlcal 
approach  that  we  have  aterted  ualng  In  the  Cenedlen  Araed  Forcea. 

THE  NATURE  OF  THE  PROBLEM 

The  allltary  coeaender  la  en  executive  whoae  role  la  to  aanege  hla  reaourcea  to  eaaure  the  effective 
ettelnaent  of  hla  esalgned  aiaalon.  In  elr  operetiona,  excluding  the  aelf-evldent  aorel  obllgatlona,  the 
conaervatlon  of  elrcreft  end  aanpower  reaourcea  la  good  bualneaa.  Not  only  the  financial  coat  but  alao  the 
tlac  coat  In  the  repleceaent  of  the  reaourcea  could  leed  to  operetlonel  llaltetlona  that  would  coaproalae  the 
probability  of  aucceaaful  aiaalon  coapletlon.  The  reaourcea  cannot  be  coaaltted  ceprlcloualy.  The  coeaender 
auat  therefore  have  date  on  the  probability  of  effective  perforaance  of  hla  elr  weepona  ayateaa  before  he  cen 
aake  hla  final  atreteglc  end  tactical  declalona  leading  to  the  dlapoaltlon  of  hla  reaourcea. 

For  the  elrcreft,  eeroneutlcel  engineering  end  aalntenance  technology  provide  the  covander  not  only 
with  a reliable  ayatea  but  alao  with  a pre-alaalon  Indication  of  the  aervlceablllty  of  that  ayatea.  Notwlth- 
atandlng  60  yeera  of  effort,  we  cannot  provide  hla  with  alaller  date  on  the  relleblllty  end  aervlceablllty  of 
the  huaan  coaponent.  There  la  no  Inatnaeent  that  can  Identify  for  the  conaender  the  perforaance  cepablllty  of 
an  Individual  alrcrewaan,  deceralne  whether  or  not  a crewaan  la  aufferlng  froa  fatigue  aufflclent  to  ceuse  e 
perfotaance  decreaent,  or  correlete  perforaance  decreaent  with  the  probability  of  aucceaaful  aiaalon  coa- 
pletloa.  To  date  we  cannot  guide  the  coaaander,  in  huaan  perforaance  teraa,  through  that  declalon  pathway  In 
which  he  anat  Integrate  the  varloua  prlorltlea  of  flight  aefety  and  aiaalon  coapletlon  In  peace,  and  of 
aaslaBa  effectlveneaa  at  alnlaia  coat.  In  war 

tWB  FOSITIOH 

Aa  evidence  that  the  huaan  perforaance  guldellnea  for  elr  operetiona  rnaln  aoaewhat  vague.  It  la 
latanatlag  to  note  the  following  verlatlon  In  aircrew  flying  tlaea  fomd  In  our  1972  aurvey  of  aeven 
allltary  air  aervlcea.  (1) 


A9-2 


TABU  I 

StIBVET  0?  AIICXEW  rLTIMG  TIW  UGUUTIOHS 


Air  Force 

Maxlaua  Monthly 
Flying  Tima 

Limit  on  Rate 
to  Monthly  Maximum 

Maximum  Aircrew  Duty  Day 

Minimum  Dally 
Crew  Rest 

A 

120  hrs 

SO  hrs/7  days 

15/17  hrs* 

10  hrs 

B 

12S  hrs 

Nil 

18  hrs 

9 hrs 

C 

120  hrs 

Nil 

16-20  hrs* 

11  hrs 

D 

120  hrs 

Nil 

16  hrs 

14  hrs 

E 

12S  hrs 

Nil 

16  hrs 

12  hrs 

F 

90/100  hrs* 

25-30  hrs/7  days* 

10  hrs 

12  hrs 

G 

12S/1S0  hrs* 

SO  hrs/wk 

12  hrs 

IS  hrs 

*V«rlcs  with  type  of  aircraft 


The  ■onthly  ■axlaia  flying  tlaea  range  from  90  houra  to  ISO  houra.  The  controla  on  the  dlatrlbu- 
tlon  of  Che  flying  houra  vary  froa  nil  to  aa  little  aa  2S  houra  per  7 daya.  Maxlaua  aircrew  duty  daya  range 
froB  10  houra  to  18  houra  with  the  alnlwa  dally  crew  rent  from  8 to  IS  hours,  allowing  soae  adjustaents  for 
special  clrcuaatancea. 

Against  this  rather  wide  variation  In  regulations,  both  past  and  recent  literature  recognize  the 
variability  In  huaan  perforaance  between  and  within  Individuals,  between  and  within  given  days,  aonths  and 
aeasona.  The  aaasea  of  data  arising  froa  atudles  of  huaan  perforaance  In  a wide  range  of  specific  aircraft 
operations  peralt  very  few  generalizations;  but,  specific  studies  could  probably  be  found  to  support  or 
refute  the  flying  tlae  positions  held  by  any  of  the  above  air  forces. 

In  seeking  guidelines  Ic  how  to  handle  this  problea,  t>e  conducted.  In  conjunction  with  a nuaber 
of  exercises  during  the  period  1971-73,  Inforaal  Interviews  of  a cross-section  of  supervisory  aircrew  In 
the  Canadian  Armed  Forces  to  deteralne  their  general  knowledge  of  performance,  workload  and  fatigue  effects. 
Out  of  these  Interviews  only  one  coaac.'i  thread  appeared  - the  judgeaent  of  how  well  a given  alrcrewaan  la 
perforalng  at  a given  tlae  Is  dependent  upon  how  well  his  normal  perforaance  Is  known  by  his  peers  and 
supervisors.  Falling  any  performance  decrement  being  noticed  at  the  supervisory  level,  the  regulatory 
control  la  slaply  flying  hours.  The  Individual  still  has  the  right  to  seek  the  counsel  of  the  Flight 
Surgeon  If  he  feels  "fatigued",  but  the  responsibility  Is  with  the  Individual.  However,  several  perceptive 
aircrew  encountered  In  our  Interviews  expressed  concern  in  their  ability  to  recognize  any  lapalraent  of 
their  personal  capability  because  they  also  recognized  Impaired  judgement  as  synptoaatlc  of  fatigue. 

The  recent  literature  clearly  points  out  that  the  dally,  weekly,  or  monthly  flying  hours  cannot 
be  used  as  simple  determinants  of  the  probability  of  next  mission  success  In  a given  crewmember.  Looking 
at  recent  operationally  oriented  studies,  Nicholson  (2,  3)  has  emphasized  that  the  quality  of  aleep  Is 
Important  and  that  chronic  disturbances  In  the  sleep  pattern  tend  to  lead  to  reduced  duty  capability  over 
a period  of  days.  Hartaan  (4)  has  pointed  out  that  although  a strenuous  mission  can  be  carried  out  success- 
fully, evidence  of  the  'physiological  cost'  Is  seen  days  after  the  completion  of  the  alaalon.  The  work  of 
Morgan  and  Allulsl  (5)  has  Indicated  that  after  sleep  deprivation,  performance  may  return  to  near  normal 
after  24  hours  rest.  Klein  (6)  has  details  of  some  performance  decrement  during  periods  In  which  sleep  Is 
noraally  e::pected  - the  so  called  'physiological  low*.  Finally,  Harris  and  O'Hanlon  (7)  have  eaphaslzed 
the  complexity  of  the  environmental,  physiological  and  psychological  stresses  that  may  contribute  to  reduced 
performsioce. 

From  the  literature,  we  concluded  that  the  activities  of  Individual  aircrew  In  the  24  hours 
iMwdlately  prior  to  their  mission  could  function  as  reasonable  parameters  for  operational  coBanders  to 
judge  the  performance  of  their  aircrew.  It  was  further  reasoned  that  by  educating  the  operational  super- 
visors In  the  factors  that  contribute  to  perforaance  decrement  and  encouraging  them  to  recognize  and  manage 
Individual  variations  In  performance,  they  could  manage  their  men  rather  than  being  limited  by  flying  tlae 
regulations. 

THE  APnOACH  TO  THE  SOLUTION 

Using  a endlflcatlon  of  a list  of  potential  stress  areas  from  Harris  and  O'Hanlon  (7)  the  following 
approach  ha«  been  developed  for  presentation  to  Flight  Safety  officers  and  Squadron  CoHunders. 

Operational  £f Tect^vtrnc'^s  - Hunan  Rffeettveneas 

Human  Effectiveness  • Management  of  Hunan  Design  Limitations 

Management  of  Hiasn  Design  Limitations  ■ 

Research  and  Development  > 

Clinical  Surveillance  > 


Education  of  Operational  Coisaenders 


AM 


Huaan  Design  Llaltatlons  are  seen  In  the  effects  of: 

Prolonged  Physical  Work 
Sleep  Deprivation 
Circadian  Deaynchronlea 
'Reaction  to  Infection 
Envlronnental  Streaaea 

- Tenperature 

- Heather 

- Decreased  ataospberlc  pressure 

- Noise,  vibration,  Inpact,  acceleration 

- Visual  and  Vestibular  Probleaa 

- Toxic  Conpounda 

- Conflnanmt 

- Nut'ltlonal,  water  and  electrolyte  balance 

- Heapona  effects  (Including  NtCH) 

Situation  Stresaca 

- Social  and  Doaeatlc  activities 

- Change  In  Life  Events 

- Inexperience 

- Threat  of  Injury  or  Death 

- CosMnd  responsibility 

Moderate  detail  la  provided  to  Indicate  how  each  of  the  factora  affecta  hunan  perforwance  In  aircrew. 
Conaandera  arc  encouraged  to  try  to  Identify  factora  contributing  to  a perceived  perforwance  decrewsnt  In 
a given  Individual.  Ewphaala  la  placed  on  the  need  for  squadron  and  flight  coManders  to  know  and  wonltor 
the  nomal  actlvltlea,  behaviour,  and  flying  perforwance  of  their  crews  and,  particularly,  to  recognise 
the  Individual  and  dally  varlatlona. 

The  use  of  thla  approach  has  the  following  object Ivea: 

a.  to  provide  the  operational  comander  with  Iwproved  Inforwatlon 
on  the  perforwance  potential  of  those  under  his  coMand; 

b.  to  pcrwlt  the  squadron  coManders  to  wanage  flying  hours; 

c.  to  validate  conclualona  found  In  or  based  on  existing  literature;  and 

d.  to  Identify  priority  areas  for  study,  through  feedback  frow  colanders. 

Although  early  Indications  arc  that  the  cowwsndera  are  Interested  In  this  approach,  we  have  as  yet  no  Indi- 
cation of  overall  aircrew  acceptance  or  co-opcratlon. 

CONCLUSION 

In  presenting  thla  first  hesitant  step  at  Iwprovlng  the  wanagewent  syatew  for  aircrew  workload.  It 
la  our  hope  that  It  will  atlwulate  discussion  awong  NATO  wewbers  and  will  ultlwately  lead  to  Iwproved  relia- 
bility and  serviceability  of  the  huwan  cowponent  of  the  air  weapons  aystew. 
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DISCUSSION 

To  which  category  of  pilots  to  the  figures  on  flying  hours  refer? 

These  figures  were  obtained  from  the  air  forces  directly. 

I ]u8t  cannot  see  how  any  fighter  pilot  could  fly  any  wore  than  40-S0  hours.  As 
far  as  flying  Instructors  anything  bettfeen  30-45  hours  Is,  I think,  about  the 
maxlnnin.  In  our  regulations  the  maxlnum  hours  for  Instructors  are  40  per  snnth 
on  let  aircraft.  Perhaps  nv  RAP  colleagues  would  bear  ne  out  with  the 
regulations  at  present  In  force  for  the  Royal  Air  Force. 

In  the  RAP  the  figures  for  fighter  pllota  are  based  on  sorties.  He  allow  a 
naximun  of  4 sorties  In  a day,  but  there  la  also  an  hours  maxlraun  which  depends 
on  what  you  have  been  doing  In  the  sortie.  The  flying  Instructors  llsilt  Is 
50  hours  In  a nonth,  the  highest  figure  I have  ever  achieved  Instructing  Is 
90  hours  In  one  isonth  on  a light  aircraft.  I quite  agree  that  Is  quite 
debilitating  and  requires  a sonth's  leave  to  recuperate.  He  have  very  strict 
%rorklng  hours  which  require  that  you  have  at  least  8 hours  continuous  rest  In 
any  24  hour  period  and  a siaxlisuin  working  period  of  16  hours  at  any  one  stretch. 

There  Isa  standardisation  agreement  (STANAG)  on  this  matter  for  NATO  countries. 

Our  US  Army  helicopter  pilots  In  Veltnam  flew  over  100  hours  a month  and  ve.'y 
often  as  high  as  125  hours  a isonth. 

My  suggestion  was  that  we  should  permit  oiir  cosnanders  to  have  more  flexibility 
In  managing  the  hours  of  their  crews.  I would  like  to  sound  a congratulatory 
note  on  this  attempt  to  provide  a first  step  towards  assessing  these  problems. 
Would  you  try  to  assess  all  those  factors  which  you  have  listed?  Tou  imuld 
need  observers  but  do  you  think  you  would  get  enough  co-operation  from  the 
crew  to  have  then  fill  out  their  own  check  lists. 

In  the  past  one  of  the  difficulties  has  been  that  we  run  Into  a squadron  and 
as  a group  of  specialists  we  tell  the  comaander  he  has  a problem  when  he 
doesn't  have  one!  The  approach  we  encourage  Is  for  the  squadron  cosnander  to 
look  at  the  problem  with  us.  In  this  sense  we  need  to  work  closely  with  the 
crews  using  their  own  Information. 
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SUMMARY 

Endocrine-metabolic  measures  have  been  used  at  the  USAF  School  of  Aerospace  Medicine  in  a series  of 
field  and  laboratory  studies  performed  during  the  past  decade.  The  field  studies  Involved  different  kinds 
of  military  aircraft  as  well  as  missions  of  varying  nature  and  length.  Certain  aspects  were  studied  in 
simulated  flights  conducted  under  laboratory  conditions.  The  data  accumulated  in  the  ten-year  period  have 
now  been  subjected  to  a cross-sectional  analysis  in  an  effort  to  ascertain  the  basic  relation  of  endocrine- 
metabolic  activity  to  the  workload  in  either  actual  or  simulated  flights.  For  the  present  purpose,  load 
represents  degree  of  flight  difficulty  multiplied  by  duration.  Difficulty  was  based  upon  USAF  expert 
rankings,  and  duration  was  based  upon  fractions  of  a day.  Multiple  linear  regression  analysis  was  performed 
on  data  for  urinary  epinephrine,  norepinephrine,  17-OHCS,  urea,  Na,  K,  and  the  Na/K  ratio.  This  report 
presents  the  findings  in  the  first  phase  of  the  cross-sectional  study.  Definition  of  the  utility  of 
endocrine-metabolic  assessments  of  workload  in  the  flight  situation  is  expected  to  emerge  ultimately  from 
additional  analyses, 

INTRODUCTION 

During  the  past  decade  the  USAF  School  of  Aerospace  Medicine  has  conducted,  under  either  field  or 
laboratory  conditions,  studies  of  human  responses  to  flight.  The  working  hypothesis  has  been  that  flying 
operations  act  in  the  manner  of  stressors,  eliciting  Interrelated  endocrine-metabolic  responses  which  are 
compensatory  in  nature,  tending  to  maintain  a state  of  physiologic  balance  (homeostasis).  A battery  of 
urinary  determinations  was  used  to  assess  the  physiologic  cost  in  a %rlde  variety  of  circumstances, 
including  flying  operations  of  various  types  and  durations  which  took  place  at  various  tia«s  of  day  and 
utilized  a variety  of  aircraft.  Statistical  evaluation  consistently  indicated  elevation  in  physiologic 
"cost"  which  apparently  related  to  (a)  type  of  aircraft,  (b)  flight  cosiplexlty,  (c)  flight  duration, 

(d)  time  of  day,  and/or  (e)  crew  position.  Additional  factors  also  seemed  to  be  contributory,  affecting 
some  or  all  of  the  endocrine-metabolic  functions  under  study.  Preflight  circumstances  unquestionably 
exerted  recognizable  Influence  on  the  physiologic  state  in  a subsequent  flight  period.  The  data  collected 
in  this  ten-year  effort  are  now  being  subjected  to  a cross-sectional  analysis,  hoping  to  bring  out  bsslc 
features  which  possibly  can  be  useful  to  flight  surgeons,  commanders,  or  aircraft  designers.  This  is  a 
preliminary  report  of  this  cross-sectional  study. 

METHODS 

Seventeen  of  the  previously-published  stress  studies  (1-13)  and  two  unpublished  studies  provided  the 
data  which  were  to  be  considered  from  a spectral  approach.  As  the  first  step  in  this  collective  study, 
multiple  linear  regression  analysis  was  performed.  The  "load"  for  each  of  the  studies  was  computed  in 
each  case  using  a value  taken  from  a 7-polnt  "complexity"  scale  multiplied  by  a value  from  a 5-polnt 
duration  scale.  The  complexity  (degree  of  difficulty)  scale  used  expert  ratings  on  the  difficulty  of 
flying  the  several  different  aircraft  in  our  studies  %dilch  were  supplied  by  the  USAF  Directorate  of 
Aerospace  Safety,  Norton  AFB,  California.  The  duration  scale  used  4-hour  Increments  based  upon  a 24ahour 
period.  The  "loads"  thus  established  co^)rlsed  a spectrum  which  was  regarded  tentative,  and  the  physiologic 
trends  were  used  to  predict  loads.  Thus,  for  these  man-auichlne  combinations,  man  is  considered  a "sensor." 

The  urinary  determinations  are  as  follows:  (a)  epinephrine,  an  index  of  adrenomedullary  activity, 

(b)  norepinephrine,  an  index  of  sympathetic  nervous  system  activity,  (c)  17-hydroxycortlcosterolds 
(17-OUCS),  an  index  of  adrenocortical  activity,  (d)  urea,  an  index  of  protein  catabolism,  and  (e)  sodium 
and  potassium,  indices  of  mineral  metabolism.  The  ratio  of  sodltmi  to  potassium  is  considered  an  index 
of  metabolic  balance  (homeostasis) . 

As  background,  it  is  essential  to  know  the  character  of  the  circumstances  of  varying  load.  Only 
endf light  data  were  obtainable  in  certain  of  the  studies.  In  some  of  these  cases  the  flights  terminated 
in  daytime;  in  ethers,  there  was  nighttime  termination.  Where  wlthln-f light  determinations  were  made, 
the  overall  average  was  u: id.  If  the  entire  flight  (whether  real  or  simulated)  took  place  in  daytime, 
the  average  c£  the  within^ flight  values  was  placed  with  the  endfllght  values  for  daytime.  Similarly, 
averaged  wlthin-flight  data  for  flights  made  in  nighttime  periods  were  placed  %rlth  endfllght  values 
obtained  at  night.  In  very  prolonged  flights  the  averaged  «rlthln-f light  data  were  placed  in  a separate 
category,  namely,  combined  day-night. 

Daytime  data  were  obtained  in  the  following  cases:  (a)  18-hour  F-4C  flights,  (b)  B-52  test  flights 

lasting  9-14  hours,  (c)  8-hour  FB-111  test  flights,  (d)  C-13SB  staged  global  flights  lasting  6 days, 
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(e)  6-hour  F-104  transatlantic  flights,  (f)  staged  F-102  transoceanic  flights,  (g)  6-hour  F-lOO  transoceanic 
flights,  (h)  a 12-hour  simulated  flight,  and  (1)  a 4-hour  period  of  normobarlc  hyperoxla. 

The  combined  day-night  studies  Included  (a)  a 28-hour  HH-3E  transatlantic  flight,  (b)  54-hour  double- 
crew  C-141  Interccmtinentai  flights,  (c)  transuceaui..  C-135*  flights  made  during  a ?-week  airlift  e*ertlst, 

(d)  66-hour  double-crew  C-5  Intercontinental  flights,  (e)  C-141  staged  Intercontinental  flights  of  5-7  days 
duration,  (f)  2-hour  F-lOO  training  flights,  and  (g)  air  traffic  control  work. 

Nighttime  termination  studies  were  limited  to  the  following:  (a)  20-hour  C-130E  round-trip  New  Zealand- 

Antarctlca  flights,  (b)  a 36-hour  simulated  flight,  and  (c)  night  shift  work. 

RESULTS 

The  endocrine-metabolic  values  for  the  Individual  studies  are  given  In  Tables  I to  III.  In  each 
table  the  studies  are  arranged  In  descending  order  with  respect  to  load.  None  of  the  endocrine-metabolic 
Indices  shows  clear-cut  relationship  to  load.  Obviously,  task  complexity,  duration,  and  time  of  day  are 
not  the  only  factors  affecting  physiologic  cost.  It  Is  reasonable  to  consider  the  assigned  loads  faulty, 
thereby  contributing  to  what  appears  to  be  nonpatterned  variation.  Table  IV  shows  the  results  of  the 
multiple  linear  regression  analysis.  On  the  basis  of  the  data  from  all  19  studies,  combinations  of 
endocrine-metabolic  variables  other  than  the  catecholamines  showed  statlstlcally-slgnlflcant  load-dependence 
v^en  adjusted  by  use  of  a numerical  factor  for  time  of  day  (nlgiit  > 0,  day-night  « 1,  and  day  = 2).  The 
endocrine-metabolic  variables  vdilch,  collectively,  showed  the  best  relationship  to  load  were  sodium, 
potassium,  and  the  sodium-potassium  ratio.  As  shown  In  Table  IV  and  Fig.  1,  load  can  be  roughly  predicted 
by  this  complex  of  variables  (r  « .81).  The  regression  equation  appears  as  a footnote  to  the  table. 

Since  epinephrine  and  norepinephrine  data  were  unobtainable  In  two  of  the  studies,  a secondary  analysis 
was  performed  on  the  17  studies  which  had  complete  data.  Potassium,  Na/K,  noreplnepnrlne,  and  time  of  day 
collectively  gave  the  most  clear-cut  load-dependency  (r  ~ .84}  (Table  IV  and  Fig.  2).  Using  more  of  the 
physiologic  variables  did  not  greatly  Improve  this  prediction. 

DISCUSSION 

As  we  Indicated  In  the  Introduction  to  this  paper,  our  working  hypothesis  Is  that  the  task  of  flying 
Involves  a complex  of  stressors  acting  In  some  unspecified  combination  to  produce  changes  In  the  physiological 
status  of  the  crew.  We  Interpret  our  findings  and  make  recommendations  regarding  specified  problems  In 
flying  operations  within  this  framework.  However,  this  step  from  a physiological  change  to  an  operational 
recoDmendatlon  Is  indeed  a large  one,  perhaps  too  large  to  withstand  close  scrutiny.  We  have,  therefore, 
undertaken  a critical  analysis  of  this  entire  approach,  using  our  own  studies  as  a starting  point. 

Workload  Is  a more  concrete  variable  against  which  to  perform  our  first  analysis  than  our  working 
hypothesis  Implies,  but  It  Is  obviously  of  great  Interest  to  operational  groups,  so  we  accepted  the 
challenge.  Many  procedural  and  technical  problems  surfaced  once  we  began  rating  workload  and  Identifying 
the  appropriate  endocrine-metabolic  data  to  be  evaluated,  and  compromises  were  made  which  may  have  weakened 
the  analysis  from  a physiological  (not  statistical)  point  of  view.  In  addition,  there  are  three  major 
aspects  of  the  study  which  are  of  concern.  First,  the  workload  rating  procedure  Is  less  than  completely 
satisfactory.  In  that  It  does  not  take  Into  account  operatlonally-slgnlTlcant  factors  whlcn  logically 
deserve  consideration,  such  as  the  type  of  mission,  the  tactical  and/or  environmental  threat,  etc.  The 
outcome  of  the  multiple  linear  regression  analysis  Is  no  better  than  the  workload  ratings  which  were 
assigned.  It  does,  however,  have  the  advantage  of  being  objective  rather  than  subjective.  Second,  the 
workload  rating  procedure  resulted  In  many  ties  and  considerable  clumping  In  the  middle  of  the  range  of 
scores.  This  can  compromise  the  efficiency  of  the  statistical  analysis.  Third,  the  statistical  demands 
of  the  analysis  would  not  fully  accommodate  all  of  the  physiology  which  deserves  consideration.  In 
particular,  we  were  unable  to  consider  the  highly  useful  time  courses  of  the  physiological  changes  without 
discarding  so  many  of  the  early  studies  that  the  analysis  Itself  would  be  compromised. 

Nevertheless,  It  was  the  Impartial  assessment  and  Judgment  of  the  statistician  to  whom  we  chose  to 

submit  our  case.  The  results  from  this  first  analysis  are  less  than  a complete  Indorsement  of  our  approach 

and  more  than  the  bitter  disappointment  of  random  fluctuation.  We  consider  them  sufficiently  promising  to 
proceed  with  further  analysis  for  this  sub-evaluation. 
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TABLE  1 

DAYTIME  STUDIES 


Test 

Circumstance 

Load 

Endocrine' 

-Metabolic 

Index 

E 

NE 

17-OHCS 

U 

Na 

K. 

Na/K 

F4C  flight 

30 

0.74 

3.80 

444 

1.39 

6.1 

1.8 

4.0 

B52  flight 

18 

1.52 

5.09 

691 

1.69 

12.5 

4.6 

2.7 

FBlll  flight 

18 

0.83 

5.55 

395 

1.34 

15.0 

4.7 

3.4 

C135B  flight 

15 

— 

— 

338 

1.16 

9.4 

3.6 

2.8 

F104  flight 

14 

1.83 

5.72 

298 

1.26 

14.6 

4.2 

3.6 

F102  flight 

14 

1.60 

4.33 

341 

1.78 

11.1 

3.9 

2.9 

FIDO  flight 

14 

1.28 

3.57 

373 

1.52 

11.2 

4.5 

2.6 

12-hr  Simulated  flight 

6 

1.56 

4.92 

462 

1.82 

12.4 

3.9 

3.8 

Hyperoxia 

1 

0.56 

2.88 

325 

1.33 

11.4 

5.1 

2.6 

E,  NE,  and  17-OHCS  <■  epinephrine,  norepinephrine,  and  corticosteroids  ()jg/100  mg  creatinine); 

U « urea  (gm/100  mg  creatinine);  Na  and  K - sodium  and  potassium  (mEq/100  mg  creatinine);  and  Na/K  <■ 
mean  ratio  of  sodium  and  potassium,  not  ratio  of  mean  sodium  and  mean  potassium. 


TABLE  II 

DAY-NIGHT  STUDIES 


Test 

Circumstance 

Load 

Endocrine- 

-Metabolic 

Index 

E 

NE 

17-OHCS 

U 

Na 

K 

Na/K 

HH3E  flight 

26 

1.70 

3.93 

217 

1.40 

7.1 

2.1 

3.4 

C141  double-crew  flight 

15 

1.11 

4.67 

294 

1.32 

12.4 

3.2 

4.3 

C135  flight 

10 

1.16 

3.37 

369 

1.47 

10.6 

2.6 

4.6 

C5  flight 

10 

1.07 

4.83 

305 

1.24 

11.4 

4.0 

3.3 

C141  single-crew  flight 

8 

0.99 

4.30 

212 

1.30 

10.7 

3.1 

4.0 

FlOO  training  flight 

7 

0.74 

2.69 

280 

1.16 

12.4 

3.6 

3.8 

Air  traffic  control  work 

6 

1.60 

4.75 

289 

1.35 

11.7 

3.8 

3.5 

See  Table  1 for  explanation  of  terms. 
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NIGHTTIME  STUDIES 


Test 

Endocrine 

-Metabolic 

Index 

Circumstance  Load 

E 

NE 

17-OHCS 

U 

Na 

K Ua/K 

C130E  flight  20 

0.99 

3.63 

196 

1.22 

7.5 

2.4  3.2 

36-hr  Simulated  flight  9 

— 

~ 

243 

1.35 

10.3 

2.4  4.6 

Sedentary  work  2 

0.68 

3.18 

274 

1.30 

9.2 

2.8  3.4 

See  Table 

1 for  explanation  of  terms 

(a 

TABLE 

IV 

ASSIGNED  AND  PREDICTED  LOADS 

Assigned 

Predicted 

Predicted 

Study 

Load 

Load* 

Load** 

(1) 

F4C 

30 

27 

29 

(2) 

HH3E 

26 

24 

24 

(3) 

C130E 

20 

15 

16 

(4) 

B52 

18 

11 

11 

(5) 

FBI  11 

18 

11 

11 

(6) 

C135B,  global 

15 

19 

— 

(7) 

C141 , double-crew 

15 

10 

10 

(8) 

F102 

14 

18 

18 

(9) 

F104 

14 

17 

15 

(10) 

FlOO 

14 

12 

11 

(11) 

C135B,  transoceanic 

10 

12 

9 

(12) 

C5 

10 

6 

10 

(13) 

36-hr  simulated  flight 

9 

7 

— 

(14) 

C-141,  staged 

8 

11 

12 

(15) 

FlOO,  training 

7 

10 

3 

(16) 

12-hr  simulated  flight 

6 

12 

14 

(17) 

Air  traffic  control  work 

6 

7 

10 

(18) 

Night  shift  duty 

2 

11 

9 

(19) 

Hyperoxla 

1 

2 

3 

*Load  - 71.3  + 3.35(Na)  + 7.42(tliae)  - 17.9(K)  - 12.1(Na/K) 

**Load  - 46.8  + 3.70(NE)  + 6.16(tline)  - 9.70(K)  - 6.70(Na/K) 
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TINE  DEPENDOKE  OF  THE  FLIGHT  XHOOCED  INCREASE  OF  FREE  URINART 
CORTISOL  SECRETION  IN  JET  PILOTS 

0.  nibraeht.  Col.,  OAF,  ME;  £.  Motor,  Cpt.,  GAF,MD:  R.RothonfuSer, 
OAF,  Roooorch  Tochnicion,  K.o.Vordor,Cpt. ,QAF,MD 
OorMB  Air  Forco  Instituto  of  Aviation  Kodlcino 
8C8  FUratonfoldbruck,  Qoraany 


SUNMARI 

A aodlflod  coapotitlvo  protoln  binding  aasay  of  froo  urinarF  cortisol  using  a singlo  solvont 
oxtraction  and  a cortisol  binding  globulin  froa  a doxaaothasons  supprossod  sals  subject  was 
dOT^lopod.  Tho  soporation  of  bound  and  froo  cortiool  was  porforaod  by  adsorption  of  tho  froo 
cortisol  to  doxtran  coatod  charcoal.  Tho  sonsitivity  of  tho  sothod  allows  to  soasuro  as  low  as 
0.2  ng  por  tubs.  Tho  cooffieiont  of  variation  within  ono  assay  is  only  4.8  %,  tdilch  aakos  this 
■othod  suitablo  to  soasuro  sinuto  changes  of  froo  urinary  cortisol  oxcrotion  during  ths  day  in  a 
fractionated  24  h^-urlno  collection.  Tho  soon  froo  cortisol  oxcrotion  in  35  normal  son  was 
83-3  J>e/24  hrs  - SE  ohowing  tho  expected  circadian  ryths  of  adronocortical  activity.  In  seven 
F-104  pilots  fl^ioy  two  slsslont  ^ froo  urinary  cortisol  secretion  was  signifi- 

cantly higher  - 12  >tg/24  hrs  - PE)  cosparod  to  12  pilots  on  day  of  rost  (43  - 7 ps/24  hrs.). 
When  26  F-104  pilots,  12  RF  4E  pilots  and  14  weapon  systos  oporators  (VSO)  ware  evaluated  by 
noaouring  froo  urinary  cortisol  oxcrotion  in  short  intorvals  it  could  bo  dosonstratod,  that  only 
tho  pilots  flying  early  in  tho  nomlng  showed  an  onhancosont  of  adrenocortical  activity  cosparod 
to  norsal  controls,  suggesting  a change  of  excitability  of  tho  hypothalaso-pituitary-adronal 
oyotos  during  tho  day.  This  sl^t  have  to  bo  taken  lnt> account  if  invostigations  about  stress  of 
flying  and  adronocortical  activity  are  carried  out. 


INTBODUCTION 

It  hao  boon  shown  that  there  is  a variety  of  different  stressful  situations  loading  to  tho 
activation  of  tho  human  adrenal  cortex  (1).  Tho  increase  of  cortisol  secretion  is  always  induced 
by  an  increase  of  circulating  adrenocorticotropic  horsono  (ACTH)  (2).  Tho  ACTH-socrotion  froa 
tho  anterior  pituitary  is  again  stxsulatod  by  tho  release  of  corticotropin  releasing  factor  (CRF) 
froa  the  hypothalamus  (3)  which  is  under  control  of  hi^er  brain  centers  (4)  mediating  the  release 
of  CRF  (Fig.  1). 


Fig.  1:  The  hypot^lamo-pituitary-adrenal  si^tem  (CRF  ■»  ACTH  ■»  Cortisol).  Stimulating  - ^ 

and  inniblting  - ^ factors  upon  CkF  - secretion  are  depicted.  Stress  leads  only  to  CEF- 
secrotlon  if  the  neural  traasaiesion  is  not  interrupted  (chordotomy) . CRF-secretion  is 
also  influenced  by  general  aneethesia  (3)  and  biogenic  amines  (6).  The  shaded  pathways 
represent  the  negative  feedback  eyoteas  which  exist  between  the  adrenal  and  the 
pituitary  and  hypothalamus  (long  feedback),  the  pituitary  and  the  hypothalamus  (short 
feedback)  and  probably  between  the  pituitary  and  higher  brain  centers  (4) . There  is 
also  a negative  unspecific  feedback  of  oortisol  upon  other  pituitary  hormones 
(somatotropic  hormone  * STH,  thyrotropin  ■ TSH,  and  follicle  stimulating  hormone  > 


FSH). 


Alio 


Th«  Mgnitud*  of  th«  IncrMo*  of  tho  cortisol  plssas  Isrsl  rsflscts  ths  functional  stats  of 
ths  hjpothalaao-pituitary-adrsnal  axis  as  wall  as  ths  intsnsity  of  ths  strsss  setiTSting  this 
systss.  Sines  flying  a Jst  is  a situation  in  which  ths  pilot  has  to  cops  with  a saristy  of 
psychological  and  biophysical  strsssss  it  is  not  surprising  that  adrsnocortical  activity  in  pilots 
is  found  to  bs  snhancsd  on  day  of  fli|^t  (7«8)>  If  ths  activation  of  ths  hypothalaso-pituitary- 
adrsnal-systsa  is  dus  to  psychological  influsncss  or  to  ths  actual  physical  strsss  has  not  bssn 
clarifisd  yst.  Sines  it  is  difficult  to  ssasurs  ACTH  or  cortisol  blood  Isvsls  in  a group  of  pilots 
during  ths  actual  tins  of  flying  one  has  to  rsly  on  the  ssasursasnts  of  cortisol  or  cortisol 
sstabolitss  in  ths  urins.  In  aost  of  ths  prsvious  invsstigations  conesming  ths  influsnes  of 
flying  upon  adrsno-cortical  activity  ths  conjugatsd  17-hydroxycorticostsroids  wsrs  ssasursd(,7,8). 
Sines  ths  nonastabolissd  socallsd  frss  urinary  cortisol  is  in  contrast  to  ths  conjugatsd  17-OHCS 
indspsndsnt  of  ths  cortisol  binding  protsin  aoistiss  in  ths  ssrun  and  of  livsr  function,  it 
rsflscts  far  bsttsr  than  thsss  17-OHCS  ths  instantansous  functional  stats  of  ths  adrsnal  cortsx 
(9,10).  This  has  bssn  provsn  in  clinical  ssdicins  for  ths  diagnosis  of  adrsnocortical  abnomalitiss. 
Ws  havs  dtvalopsd  a siapls  tschniqus  for  ths  asasursasnt  of  frss  urinary  cortisol  triiich  is  bassd 
on  ths  coapstitivs  protsin  binding  radio-ligand-assay  originally  dsvslopsd  for  ths  dstsraination 
of  plasaa  corticoids  by  MURPHT  and  PATTEE  (11)  and  aodifisd  for  ths  asasursasnt  of  urinary  cortisol 
(12). 


MATEBIALS  AND  METHODS 

Ths  basic  principles  of  ths  coapstitivs  protsin  binding  analysis  (CPBA)  has  bssn  discussed 
previously  (13).  Our  asthod  saploysd  is  pattsmsd  clMsly  after  that  described  by  HSU  and  BLEDSOE 
(12).  It  differs  in  that  ths  assay  systsa  saploys  a ^-cortisol  labslsd  cortisol-binding-globulin 
(CBG)  solution  and  dsxtran-eoatsd  charcoal  adsorbsnt.  Only  one  aliquot  of  ths  dichloroasthans 
extract  of  ths  urins  is  subjected  to  a single  alkaline'  wash  before  ths  CPBA  is  psrforasd. 

1,  2,  6,  7 -3H-Cortisol  with  a specific  activity  of  290  aCi/ag  was  purchased  froa  ths  Sadio- 
ehsaieal  Centre,  Aasrshaa,  U.K..  Highly  purified  dichloroasthans  was  obtained  froa  E.  Merck, 
Darastadt,  Qsraany,  Dsxtran  T 70  (Pharaacia,  Uppsala,  Sweden)  and  Norit  A charcoal  (Ssrva,  Heidel- 
berg, Qsraany)  wsrs  used  for  ths  adsorbsnt.  Ths  CBG-ssrua  was  obtained  froa  a noraal  aals  subject 
4 hours  after  oral  adainistration  of  2 ag  dsxauethasons.  Liquid  scintillation  counting  was  psr- 
forasd  in  a Packard  Tri-Carb  using  Insta-Osl  (Packard  Inst.Coap.,  Downers  Drove,  111.,  Cat. No. 
600217^)  as  scintillator  systsa. 

Cortisol  standard  curves  ranged  conventionally  froa  10  to  100  ng/a.  To  0.1  al  of  ths 
standard  solution  0,7  al  of  0.D3  a phosphate  buffer,  oH  7.4  was  added.  Ths  CBD-ssrua  was  diluted 
1:30  in  phosphate  buffer  and  an  equal  voluas  of  ths  %-cortisol  solution  (also  diluted  in  phos- 
phate buffer)  with  40.004  cpa/al  was  added  (Fig.  2).  0.2  al  of  this  CBD  - ^H-cortisol-  solution 
was  plpstsd  into  ths  incubation  alxturs,  after  which  an  incubation  at  40^*  C for  5 ainutss  was 
followed  by  30  ainutss  at  4”  C. 

Dsxtran-eoatsd  charcoal  was  prepared  by  nixing  equal  voluass  of  0.5IK  Nori;  A charcoal  in 
phosphate  buffer  with  0,0’)%  Dsxtran  10  in  phosphate  buffer.  This  solution  was  kept  in  an  ice  bath 
and  constantly  stirred  when  used.  0.3  al  of  this  solution  was  added  to  ths  incubation  nixturs 
(Fig.  2)  after  which  all  sanplss  wsrs  shaken  vigorously  and  kept  in  an  ice  bath  for  10  ainutss. 
After  centrifugation  0.3  al  of  ths  supernatant  was  pipstsd  into  a counting  vial  together  with 
10  ml  of  Insta-Osl  and  counted  for  10  ainutss. 


Fig. 2:  Schsaatic  picture  of  the  CPBA  for  cortisol 
usinic  dsxtrM-coatsd  cfiarcoal  as  adsorbent. 

1.  nie  CBO-^k-cortisol  solution  is  prspax'sd 
(left). 

2.  An  squilibriuB  between  frss  and  CBG-bound 
labslsd  asd  unlabslsd  cortisol  is  estab- 
lished (center). 

3.  Ths  frss  labslsd  and  unlabslsd  cortisol 

is  bound  to  ths  charcoal  and  ths  CBG-bound 
cortisol  is  in  the  supernatant  (right). 
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of  tla#  aft#r  charcoal  addition  on 
^-cortisol  binding  to  CBG.  Ths  adsorption  of 
^H-cortisol  to  chaTCoal  froa  8 to  14  ainutss 
after  adding  ths  charcoal  solution  is  not 
significantly  different  as  is  dsaonstratsd  by 
ths  constant  ^-cortisol  binding  to  CBG.  This 
plateau  leaves  enough  tins  to  handle  up  to 
64  saaplss.  After  14  ainutss  a fall  of 
cortisol  binding  to  CBG  is  observed  dus  to 
dissociation  of  ^-cortisol  froa  its  CBG- 
binding  sites. 
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A 1/1000  th  or  1/2000  th  aliquot  of  a 2A  hr-urlaa  eollaetioa  is  sxtraetsd  with  10  al  of 
dichloroMthana.  Ths  aqusous  lajar  is  discardsd  hj  aspiration  and  ths  organie  phass  is  washsd 
ones  with  0.1  noraal  sodinahydroxids.  5 ■!  of  ths  dichlorowsthans  sxtract  is  drisd  aftsr  which 
0.8  al  phosphats  buffsr  and  0.2  al  of  ths  3H-cortisol-CB0  solution  is  addsd.  This  is  ineubatsd 
and  handlsd  in  ths  saas  fashion  as  ths  standard  currs.  A control  urins  is  asasursd  with  saeh 
assay.  Ths  eosfficisnt  of  Tariation  within  ons  assay  is  A.8)(,  ths  sariation  froa  day  to  day  doss 
not  sxcssd  Xyi,  Ths  crossrsactisity  with  othsr  stsroids  is  shown  in  fig.  4. 


Fig.  4s  Spseificity  of  Starold-Blndinx  to  CBG.  Corticoctarons  and  17-OH-progsstsrons  show 

coapists  crosersaetiTity.  Progssterons  shows  partial  crossrsactiwity  whsrsas  ^ - 4 - 
androstsnsdions  and  dshydrospl&ndrostsroiis  (DH£A)  do  not  significantly  intsrfsrs  with 
the  asaay.  Sines  there  are  only  ninuts  quantities  of  free  corticosterone,  17-OH  progeste- 
rone, and  progesterone  in  the  urine  coapared  to  cortisol,  the  croasreactiTity  of  these 
steroids  can  be  neglected. 


With  this  nethod  free  urinary  cortisol  excretion  in  24  hr-urine  was  asasursd  in  35  noraal 
aalea  (physiciana) , 12  jet-pilots  on  day  of  rest  and  7 pilots  flying  two  nisaiona  a day.  The 
circadian  rytha  of  cortisol  secretion  was  evaluated  in  15  noraal  Bales  aeasuring  free  urinary 
cortisol  every  3 hours  over  day-tine  and  in  one  nighttinc  collection  (6  hours).  These  results 
were  coapared  with  the  free  urinary  cortisol  excretion  of  26  F-104  pilots,  12  BF-4S-pilots  and 
14  weapon  systen  operators  (WSO).  The  pilots  and  VSOs  eaptied  their  bladder  after  they  got  up 
in  the  noming.  The  tine  was  noted  and  the  urine  discarded.  Before  the  flight  they  emptied  their 
bladder  again.  This  urine  was  collected  and  the  tine  noted.  Boughly  3 hours  later  another  urine 
was  collected.  During  this  collection  period  the  pilots  flew  a training  nission  (high  and  low 
level,  range,  ACT)  lasting  fron  3^  to  120  ninutes.  The  second  urine  collection  was  followed  by 
a third  one,  again  covering  a period  about  3 hours.  Free  urinary  cortisol  excretion  was  calcu- 
lated in  nr/nin.  Since  the  collection  period  varied  the  first  urine  had  to  be  regarded  as 
baseline  me,  fron  which  changes  in  free  urinary  cortisol  excretion  in  the  following  urines 
were  calculated  and  conpared  with  the  noraal  circadian  rytha  of  free  urinary  cortisol  excretion. 
Therefore  all  data  had  to  bo  plotted  in  percent  increase  or  decrease  fron  basal  cortisol  excretion. 


KBSULTS 

The  mean  free  urinary  cortisol  jxcretion  in  35  normal  males  (resident  doctors  of  a university 
nedical  center)  was  63-3  hre  - SE  with  a noraal  range  froa  27  to  99  /U^24  hrs  (-  25).  Five 

patientE  with  adrenal  insufficiency  had  levels  ranging  fron  loss  than  3 to  24  pg/2>*  hrs  and  two 
patients  with  Cushing's  syndrome  had  a free  urinary  cortisol  excretion  of  846  pg/24  hrs,  respective- 
ly 360  pg/24  hrj.  Seven  jet  pilots  (F-104)  flying  two  missions  a day  excreted  89-12  pi/2^  hrs  - SE 
coapared  to  43  - 7 Pg/24  hr  of  12  pilots  on  day  of  rest. 

In  13  noraal  subjects  the  typical  circadian ihytha  of  free  urinary  cortisol  excretion  could  be 
established  (Fig.  3) * 


lb*  frM  urinaxT  eortlaol  ••cr*tion  pattern  in  26  f-l04  pilots  flylac  a ■isslon  batwaan 
■.  and  3 P>a>  !■  dapletad  in  Fig.  6. 


MCMASC  Of  UMNARV 


Fig. 6:  Chanaas  of  fraa  nrinarr  cortisol 
aneratton  durina  fliAt. 

4ha  nission  (50-120  ninutas) took 
placa  bataaan  6 a.n.  and  3 
Tha  ehanga  mis  caleulatad  in 
parcant  fron  tha  prafli^t  azeration 
and  eonparad  with  tha  nomal  circa- 
dian pariodicitp  (ahadowad  araa  « 
- SS). 


It  waa  apparent  fron  thasa  data  that  only  thoaa  pilots  had  axaggaratad  incraasas  in  aoming 
urinary  cortisol  azeration  who  flaw  aarly  in  tha  naming,  wharaas  tha  otham  showed  no  significant 
dsTiation  in  their  cortisol  azeration  fron  tha  nomal  pattern.  Whan  fraa  urinary  cortisol  azeration 
was  naasurad  in  12  additional  SF-kS-pilota  and  1%  weapon  systaa  opamtom  wa  plotted  thasa  data 
according  to  tha  connancanant  of  their  niasioa.  Arbitrarily  tha  pilots  starting  their  nission 
before  9 a.n.  ware  put  together  in  one  group  and  ware  conparad  with  those  whose  nission  had  begun 
peat  9 a.n.  (Fig.  7).  A striking  diffsranca  could  be  obsarrad  in  that  noat  of  the  pilots  flying 
aarly  in  tha  noming  showed  an  incraasa  of  their  cortisol  azeration  conparad  to  nonflying  indiai- 
duala  wharaas  tha  pilots  flying  later  had  in  noat  instances  a conplataly  nomal  circadianriqrtha  of 
adrenocortical  actiaity. 


All-S 


f'iS*?!  Ch«M«  of  fry*  urln*^  cortisol  «xcr«tion  during  flight  In  .1«t  piXotB  and  wapon  BTst— 
op«^tore.  calculation  <we  v^riormmi  >«  In  fin,  b.  ■ost  of  th«  pilots 

flying  b«for«  9 nhow  incmnenn  in  eortisol  excmtios.  conparnd  to  tho  nonflying  group 
(thick  lino),  tho  pilots  starting  with  thoir  nissions  psot  9 a.n.  show  gonorally  a nomal 
circadian ihythn  of  adronocortical  actirity. 


DISCUSSION 

To  ovalusto  adronocortical  actioity  in  pilots  during  flight  ono  has  to  roly  usually  on  tho 
■oaouronont  of  cortisol  or  cortisol  aotabolitos  in  tho  urino  sinco  obtaining  plasna  sanplos  at 
short  iatorvals  undor  inflight  conditions  io  inpracticnblo.  Kost  of  tho  inTostigstors  studying 
inflight  adronocorticol  actioity  ootinntod  tho  oxcrotion  of  cortisol  aotabolitos  by  tho  sTailablo 
standard  procoduroo  (7,8).  Tho  half  lifo  tins  of  plasna  cortisol  io  about  8C  aiautos  (5,1^)  and 
noot  of  tho  oocrotod  cortisol  io  roducod  to  tho  totrahydrofom  and  couplod  to  glucuronic  acid  in 
tho  liTor.  Tho  noaouronoat  of  tho  conjugatod  17-hydroxycorticostoroids  (17  - OBCS)  thoroforo  dooo 
not  rofloct  tho  instaatanoous  otato  of  cortisol  socrotion  sinco  tho  OTorall  17-OECS  oxcrotion 
dopoads  also  -ta  livor  function  which  ai^t  bo  iapairod  during  Jot  flight  duo  to  changoo  In  hopatic 
circulation.  Tho  froo  urinary  cortisol  oxcrotion  io  iadopondont  of  livor  function  and  rofloeto  far 
bottor  tho  actual  otato  of  adronal  activity  (9),  sinco  only  tho  froo  plasna  cortisol,  i.o.  tho 
biologically  active  fraction  which  is  not  bound  to  tho  cortisol  binding  globulin  (CBQ)  or  albuaia 
io  found  in  tho  uriao.  Sinco  binding  capacity  of  CM  is  liaitod  and  tho  affinity  for  cortisol 
binding  of  albunin  io  low  (1$),  an  incronso  of  total  plasna  cortisol  lovols  io  aceonpaaiod  by  an 
ovon  groator  incronso  of  tho  froo,  unbound  cortisol,  idiich  will  bo  rofloctod  by  tho  urinary  froo 
cortisol  oxcrotion,  thus  aorving  as  an  aaplifior  for  tho  dotoctioa  of  adronocortical  activation. 
Tho  provioua  nothodo  for  tho  soasuronoat  of  froo  urinary  cortisol  wars  baood  on  colorinotry  and 
fluoroaotry  aocosnotatiag  chronatography  (l6).  With  tho  advont  of  tho  CPBA  for  otoroido  thla  has 
ehaagod.  Our  nothod  involving  a solvoat  oxtractioa  of  tho  urino  with  dichloronothnno,  a oiaglo 
alkaliao  wash  and  oubsoguont  CPBA  with  a 3|^ortisol-CM  solution  fwlfillo  all  critoria  for  a 
praeticablo  laboratory  procoduro.  Tho  ssaoitivity,  procioioa  and  roproducibility  io  good,  tho 
nothod  io  fast  and  only  snail  quastitioo  of  uriao  oro  aoodod.  Our  rooulto  of  froo  urinary  eortisol 
oxerotiM  in  aomalo  and  in  patioato  with  adrosal  abaorsalitiss  aro  in  good  agrsonsnt  with  othrr 
invostigatoro  (12). 

Ishsssonsst  of  adronoeortteal  activity  la  Jot  pilots  during  fli^t  has  boon  shown  proviously 
(7,8).  Wothor  thio  is  duo  to  actual  physical  stross  or  duo  to  psychological  factors  io  not  clear 
yot  (17)  Activation  of  tho  hypothal  sno-pituitary -adrosal  syoton  roprosoato  tho  cennoa  tominal 
pathway  of  tho  ssswor  to  a variahlo  and  soaotinoo  coaplox  otrossor.  Our  finding  that  pilots 
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flylBf  ■i««iou  MTly  in  th«  Boniag  mm  to  h«T«  a hi^ar  mrtisol  aMratiea  eoi^arad  to  tkoM 
ako  atart  thalr  flight  ia  tha  lata  aoraiag  hamrm  aaggaat  aitgtha  of  kypothalaaie-pitmitarj  adraaal 
raapoasiTaaaaa.  Saeh  eyelicity  of  tha  raapoaalaaaaaa  of  hypotkalaao-pitmitarp  aAraaal-ayataa  to 
atrasaora  haa  Imm  raporta4  aod  dlMaaaad  hafora  (l8,19)>  If  onr  fladiag  eaa  ba  axplalaad  ealy 
by  tiaa  factors  aaa  aet  ba  atata4  with  abaolata  aaaanuMa  aiaaa,  thoagh  tha  traiaiag  of  all  pilota 
ata4ia4  aaa  aoaparabla,  two  diffaiaat  Jata  wara  flaws.  It  has  boM  shows  that  this  alosa  eaa  eaoM 
dlffaroat  raapoaaaa  ragarAiag  adraaal  aativatioa  (20).  Thowgh  abaolata  walaM  of  eortlsol  axeration 
weald  bawa  halpad  elarifyiag  this  ^aaasasaa,  bacaoaa  of  tha  irragalar  arlaa  eallMtioa  partods 
daa  to  tha  pilot 'a  traiaiag  pregras  it  was  not  poaaibla  to  eospara  tha  abMlata  walass  obtaiaad  ia 
oar  atady. 

Takiag  all  thia  ia  aeeoaat  tha  diffaraaea  in  tha  raaposaa  of  iaflight  adraaoeortieal  aetiwatioa 
dapaadiag  ea  tha  daytiaa  of  flight  aad  soat  likaly  tha  atata  of  tha  aadegMoas  eircadiaa  ftyths  of 
eortisol  oMratioa,  ia  atrikiag.  It  has  to  ba  farthar  iawastigatad  bafora  say  eoaelasioas  sheald  ba 
draws  bat  shoald  ba  lo^ad  for  if  atadiaa  eoaearaiag  adrMoeortieal  activity  ia  raoposM  to  eosplax 
atrasaora  ara  earriad  oat. 
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SUM4ARY 

A preliminary  longitudinal  i'<Mjltl factorial  study  of  the  Interrelationships  of  biochemical,  mood,  bio- 
graphical factors  and  landing  performance  under  high  work  load  conditions  has  been  carried  out  with  U.  S. 
Naval  Aviators.  Levels  of  serum  chc'esterol,  serum  uric  acid,  blood  lactate,  pyruvate,  and  mood  assess- 
ments were  made  during  periods  of  nor.-flying  activity  and  during  periods  of  Increased  cumulative  work  load. 
Uric  acid  values  fell  during  moderate  cumulative  work  load,  and  cholesterol  values  fell  during  high  cumu- 
lative work  load.  Increased  variability  of  pyruvate  and  lactate  were  noted  with  Increased  cumulative  work 
load.  Increased  cumulative  work  load  did  not  affect  emotions  or  performance  but  altered  mood  association 
patrems  and  altered  the  relationships  of  mood  and  performance.  Experience  was  correlated  with  performance 
under  zero  cumuiatU'  work  load  conditions.  Emotion  correlated  with  performance  under  high  cumulative 
wcrK  !ssd  CGr.dltioris. 


INTROUJCTION 

The  concept  of  homeostatic  control  of  the  Internal  environment  has  been  a keystone  of  physiologic 
theory  for  many  years  and  many  studies  of  environmental  stress  have  utilized  this  concept.  Until  recently 
however,  there  have  been  few  oomprehensi ve  theories  regarding  emotional  and  behavioral  aspects  of  stress 
response.  Telchman  has  elaborated  the  concept  that  the  organism  Is  a complex  self  regulating  system  that 
responds  to  both  physical  and  symbolic  stimuli  by  compensatory  responses  wh->se  purpose  is  to  control  physio- 
logic and  behavioral  phenomena  within  certain  limits.  Thus  a s~^ress  reaction  Is  defined  as  a variation  in 
behavior  beyond  normal  limits,  and  stimuli  associated  with  stress  reactions  are  defined  as  stressors.  In 
this  analysis  it  becomes  appropriate  to  consider  the  stressor,  the  compensatory  action  of  the  regulating 
system,  and  the  phenomena  which  are  controlled  (l>. 

As  a stressor  is  encountered,  the  stress  reaction  Is  first  noted  Ir  the  variation  of  the  compensator'' 
mechanisms,  and  if  these  fall  then  variation  exceeding  the  normal  limits  would  be  noted  in  the  response 
the  controlled  phenomena.  In  considering  the  reaction  of  an  individual  to  a stressor,  only  the  chai.j^rs 
relation  to  the  normal  limits  of  the  controlling  variables  and  controlled  phenomena  need  be  cons'dered. 
the  reaction  of  a group  of  individuals  to  a stressor,  not  only  must  the  levels  of  the  controlling  va  ► 
and  controlled  phenomena  be  studied,  but  the  heterogeneity  of  the  group's  reaction  to  tht  stressor  must 
considered.  As  the  strength  of  the  various  compensatory  mechanisms  must  vary  from  one  individual  to  an'  ir 
so  the  reactions  of  the  Individuals  to  a uniform  stressor  will  vary  and  the  heterogeneity  of  the  grou' 
reaction  as  measured  by  the  variance  will  be  Increased  or  decreased.  This  change,  however,  must  be 
tempered  by  the  fact  that  as  a variable  reaches  its  biologic  limits  its  range  of  variations  Is  necessarily 
restricted.  Hence  both  increases  and  decreases  in  variance  may  be  significant.  According  to  Gellhorn,  and 
others,  the  direction  of  any  compensatory  physiological  activity  Induced  by  a stimulus  depends  upon  the 
concurren*  physical  status  of  the  body  Including  the  degree  of  physiologic  arousal  and  the  awareness  of  the 
stimulus  i2).  Thes<  factors  Interact  with  each  other  and  with  learning  and  memory  In  a complex  mai.,ier  to 
influence  not  only  the  direction  but  the  degree  of  physiological  responses. 

Field  and  laboratory  studies  indicate  that  the  factors  influencing  physiologic  responses  are  quits 
complex.  Acute  rises  in  serum  cholesterol  have  been  noted  in  medical  students  taking  examinations  and  in 
accountants  during  periods  of  Increased  demand  for  auditing  services  (3,  4).  Similar  rises  in  serum  chol- 
esterol have  been  noted  In  UCT  trair>ees  during  periods  of  overwhelming  demands  (5).  Indeed,  failure  to 
respond  biochemically  to  the  stress  was  a valid  predictor  of  impending  failure  In  the  training  program. 
However,  adaptation  to  the  demusnds  led  to  a decline  in  cholesterol  levels  (6) 

Emotional  factors  can  moderate  biochemical  responses.  In  a study  of  laborers  facing  iminent  unemploy- 
ment, elevations  of  serum  cholesferol  occurred  only  in  those  whose  prospects  for  reempicyment  were  low  and 
who  were  emotionally  depressed  (7). 

The  degree  of  involvement  or  responsibility  of  the  individuals  Interacting  with  the  stressor,  modifies 
the  biochemical  response  as  shown  by  Rubin's  study  of  Naval  Aviators  and  Flight  Officers  during  carrier 
landing  qualifications.  The  pilots  who  had  active  flight  control  showed  greater  adrenal  cortical  steroid 
response  end  lower  anxiety  levels  than  the  flight  cfficers  whose  role  was  passivelS).  Rubin's  study  also 
noted  that  Increasing  familiarity  with  the  task  decreased  the  biochemical  response,  a finding  also  noted  for 
heart  rate  during  simulated  landings  (9). 

Long  term  memory  or  experience  Is  a potent  modifier  of  biochemical  response  as  is  illustrated  by 
Kramer's  Study  of  an  18  hour  flight  in  the  F-4C  aircraft.  Flight  duration  and  difficulty,  and  flying  exper- 
ience acted  jointly  to  determine  physiologic  responses  to  the  flight.  When  difficulty  and  duration  were 
held  constant,  flying  experience  was  inversely  related  to  biochemical  response  (10).  With  a few  notable 
exceptions  most  studies  of  flight  stress  have  been  confined  to  short  term  situations.  Consequently,  the 
long  term  effects  of  prolonged  stress  are  only  vaguely  known.  The  data  that  do  exist  indicate  that  the 
effects  are  far  from  simple. 

The  work  of  Nichclson  and  ethers  on  the  effects  of  aircrew  work  load  has  led  to  several  important 
concepts  regarding  adaptation  to  continuous  stress.  A moderate  work  load,  such  as  maintenance  of  contin- 
uous operational  capability  can  be  sustained  in  extended  missions  at  the  expense  of  a deterioration  in 
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sleep  pattern.  Such  deterioration  progressively  limits  the  number  of  duty  hours  as  the  mission  Is  extended  | 

and  severely  limits  the  crew's  ability  to  achieve  optimum  performance  (il).  NIchoison  aiso  noted  that  the  j 

high  work  load  associated  with  difficult  landing  situations  profoundly  modified  the  central  nervous  acti-  t 

vity  of  the  pilot  and  rendered  his  assessment  of  work  load  more  variable  (12).  This  observation  raised  1 

the  possibility  that  very  high  work  load  may  lead  to  central  nervous  states  that  Impair  Judgement  and  per-  I 

formance.  i 

Studies  of  alterations  in  schedules  and  procedures  to  maintain  performance  In  high  work  load  situations  | 

have  led  to  several  additional  findings.  Work  load  sharing  between  fne  pilot  and  co-pilot  reduces  the  ! 

pilot's  central  nervous  excitation  but  only  when  the  sharing  Is  actuated  during  the  final  portion  of  the  let  i 

down  (12).  Work  load  sharing  in  extended  missions  by  the  use  of  a double  crew  does  allow  for  a greater 
maximum  work  load  but  this  can  be  sustained  for  only  a few  days  and  is  physiologically  very  taxing  in  com- 
parison to  staged  missions  of  the  same  distance  (13). 

The  physiologic  cost  of  extended  missions  has  Immediate  and  delayed  components.  Fragmentation  of 
sieep  patterns  during  extended  missions  is  a direct  result  of  high  work  loads  and  continues  into  the  post 
mission  recovery  phase  (14).  In  the  post  mission  recovery  phase,  there  is  an  endocrine-metabolic  depression 
that  lasts  4 to  5 days.  The  physiologic  cost  and  subjective  fatigue  experienced  depends  on  the  nature  and 

the  length  of  the  mission  and  appears  to  be  relatively  independent  of  the  work-rest  cycle  (13).  Note- 

worthy in  several  studies  of  extended  missions  is  the  fact  that  performance  does  not  deteriorate  despite 
increasing  fatigue  and  sleep  deterioration  (14). 

Fighter  and  attack  aircraft  rarely  participate  in  extended  missions:  the  more  common  practice  is  to 

fly  multiple  short  duration  missions  interspersed  with  periods  of  nonflying  activity.  This  resuits  in  a 
pattern  of  very  high  work  load  imposed  for  short  periods  of  time  which  may  continue  for  days  or  weeks. 

Naval  aviation  entails  an  additional  burden  on  the  pilot  in  that  most  of  his  operational  landings  will  be 
made  on  a carrier  deck  where  the  margin  for  error  is  slight.  Inflight  electrocardiographic  monitoring 
indicates  that  regardless  of  the  mission.  The  highest  heart  rates  occur  during  carrier  landing  and  second- 
arily during  catapult  launch  (15)  In  addition  to  its  obvious  survival  value,  proficiency  in  carrier 
landing  is  a highly  regarded  skill  among  naval  aviators  and  is  a matter  of  considerable  peer  involvement, 

Each  recovery  is  graded  by  the  Landing  Signals  Officer  and  recorded  on  video  tape.  The  scores  for  each 
squadron  member  are  posted  in  the  ready  rooms  and  the  televised  recovery  is  reviewed  after  each  mission. 

There  are  few  studies  of  the  cumulative  psychophysiologi c effects  of  chronic  stress  and  fewer  sti i I 
involving  highly  skilled  occupations  such  as  aviation.  There  are  several  clinical  studies  of  psychologic 
change  resulting  from  cnronic  com.bat  stress  but  only  a few  involve  quantitative  psychologic  and  physiologic 
measures.  Field  studies  of  groups  under  stress  have  emphasized  the  use  of  simple  reliable  mood  measures 
and  biographical  data,  in  conjunction  with  valid  criteria,  as  being  more  productive  than  the  use  of  more 
complex  personality  and  cognitive  ftieasures  (16).  Even  with  reliable  measures  and  criteria  it  is  difficult 
to  interpret  data  from  field  studies  in  the  light  of  theories  developed  from  laboratory  data.  Somewhat 
arbitrarily,  we  have  assigned  the  pilot's  carrier  landing  performance  as  the  controlled  variable.  The 
cumulative  work  load,  approximated  as  a function  of  the  product  of  average  flight  hours/per  man/per  day, 
and  the  number  of  consecutive  days  of  flying  activity  plus  the  relative  danger  of  the  mission,  has  been 
designated  as  the  stressor.  Biochemical  measures  and  changes  in  miood  and  sleep  patterns  were  then  desig- 
nated as  controlling  variables. 

METHOD 

Twenty-six  pilots  and  23  flight  officers  drawn  from  two  squadrons  on  an  aircraft  carrier  deployed  in 
the  Western  Pacific  participated  in  the  6-month  study.  The  aircraft  flown  by  the  squadrons  was  the  F-4J 
Phantom,  a two  m,an,  high  performance  fighter.  During  a nonflying  period  in  transit  to  the  deployment  area, 
the  subjects  completed  a diet  a.id  activity  form,  the  Mood  Adjective  Check  List  and  a biographical  form. 

The  subjects  also  had  a blood  sam,ple  drawn  for  subsequent  determination  of  cholesterol,  and  uric,  lactic, 
and  pyruvic  acids.  These  aata  constituted  a nonflying  control.  At  a later  date,  just  prior  ta  the  first 
mission  flown  after  a prolonged  in-port  period,  during  which  little  or  no  flying  was  done,  sim  lar  data 
were  collected  and  constituted  the  zaro  cumulative  work  load  level.  Similar  samples  were  drawn  and  data 
collected  after  II  consecutive  days  of  missions  flown  over  nonhosti le  territory,  and  again  after  22  con- 
secutive days  of  missions  flown  over  hostile  territory  where  there  was  significant  danger  of  death  or 
capture.  The  latter  two  samples  represented  respectively  moderate  and  high  cumulative  work  load  periods. 

Irmediately  after  collection  of  the  blood  samples,  a 2 mi  aliquot  of  whole  blood  was  precipitated  with 
cold  0.6  N perchloric  acid  anc  the  sample  frozen  for  subsequent  analyses  for  lactic  and  pyruvic  acid.  The 
remainder  of  the  blood  sample  was  centrifuged  and  the  serum  recovered  and  frozen  for  subsequent  analyses 
for  serum  cholesterol  and  uric  acid.  Cholesterol  was  determined  by  the  method  of  Rubin,  et  al. (17)  and 
uric  acid  by  the  enzymatic  method  of  Liddle  (I8i.  Lactic  acid  was  defarmined  by  the  Rapid  Lactate  Method 
(19).  Pyruvic  acic  was  determined  by  enzymatic  methods  (20). 

The  Mood  Adjective  Check  List  used  in  this  study  is  a 40  Hem  list  that  has  been  factor  analyzed  and 
contains  six  factors:  Happiness,  Activity,  Depression,  Fear,  Anger,  and  Fatigue  (21).  The  diet  and  acti- 

vity form  elicited  information  regarding  dietary  content  and  amount,  the  use  of  cigarettes,  ethanoi  and 
med'cations  and  the  amount  of  physical  exercise  taken  in  the  previous  week.  The  biographical  questionnaire 
elicited  age,  height,  weight,  flying  experience,  specific  aircraft  eyperience  carrier  experience,  educa- 
tion, and  information  regarding  life  events  and  accidents. 

The  landing  performance  criterion  is  that  described  and  developed  by  Brictson  and  assigns  a score 
based  on  the  wire  number  utilized  in  the  carrier  recovery  (22).  Landing  performance  scores  were  collected 
throughout  the  deployment  and  the  individual  scores  for  the  periv,ds  under  consideration  were  averaged. 

During  the  period  of  high  cumulctive  work  load,  the  sleep  patterns  of  a subsample  of  27  aviators  and 
a control  group  of  28  non-aviation  related  personnel  were  recorded  by  sleep  logs  kept  by  each  subjec  . The 
subjects  recorded  daily  the  hours  of  duty,  time  of  going  to  bed,  time  of  awake.iing,  and  responses  to  diffi- 
culty in  going  to  sleep  and  whether  the  subjects  felt  rested  upon  awakening.  From  the  log  data,  the  total 


sleep  duration  per  24  hour  period,  the  duration  of  sleep  episodes,  and  the  time  between  sleep  episodes  could 
be  calculated  as  well  as  the  variability  of  these  measures. 

All  da'ia  collected  in  the  study  were  transferred  to  punch  cards  for  computer  analysis.  Comparison  of 
levels  of  variables  during  the  periods  of  the  study  was  by  analysis  of  variance  for  repeated  measures  am- 
parlson.  Olfferances  between  variances  of  the  variables  at  periods  of  the  study  was  by  the  F-Max  test  for 
uniformity  of  varlancs  itelatlonsh Ips  between  variables  were  determined  by  correlations  calculated  for  the 
different  time  periods. 

RESULTS 

The  changes  In  mean  levels  and  variability  of  the  biochemical,  mood  and  performance  measures  are 
depicted  In  Flg>ire  I. 


Figure  I 

Biochemical,  Emotional,  and  Performance  Changes  as  a Resuit  of  Cumulative  Workload 
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Uric  acid  decreased  significantly  under  moderate  cumula*lve  work  load  and  showed  no  further  decline  as 
cumulative  work  load  increased.  Cholesterol  level  decreased  progressively  as  work  load  Increased  end  tho 
decrease  was  staristical ly  significant  under  the  high  work  load  condition.  The  mean  levels  of  lactic  acid, 
pyruvic  acid,  and  of  the  lactate-pyruvate  ratio  did  not  change  sign! f icantlv  under  Increasing  cumulative 
work  load. 


The  variability  of  the  subjects'  serum  uric  acid  levels  paralleled  the  fall  in  the  mean  uric  acid 
level  and  decreased  significantly  with  the  onset  of  moderate  work  load.  The  vorlabllity  remained  at  a low 
level  under  the  high  cumulative  ‘ ork  condition.  Similarly,  the  variability  of  the  subjects'  cholesterol 
levels  decreased  slightly  witn  moderate  work  load  and  fel*  significantly  during  the  high  cumulative  work 
load  condition. 
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Although  there  was  no  significant  change  in  the  mean  blood  lactic  acid  level,  the  variability  of  the 
subjects'  lactic  acid  levels  showed  a significant  increase  under  the  moderate  cumulative  work  load  condi- 
tion. Similarly,  despite  an  undianged  mean  blood  pyruvic  acid  level,  the  variability  of  the  subjects' 
blood  pyruvic  acid  levels  increased  significantly  under  the  high  cumulative  work  load  condition.  Conse- 
quently, the  variability  of  the  lactate-pyruvate  ratio  decreased  under  the  high  cumulative  work  load. 

The. effects  of  increased  work  load  on  sleep  patterns  Is  shown  in  Table  iA.  The  data  are  taken  from  a 
one  week  period  representing  the  16th  to  16th  day  of  consecutive  flying  activity  and  are  thus  representative 
of  a point  between  moderate  and  high  cumulative  work  load.  There  was  no  significant  difference  between 
aviators  and  non-aviation  personnel  in  total  sleep  duration  or  sleep  episode  duration.  Aviators  had  a sig- 
nificantly shorter  intersieep  interval.  There  was  no  difference  between  aviators  and  non-aviators  in  the 
variabili.'^y  of  total  sleep  duration  or  of  sleep  episode  duration.  However,  there  was  far  more  variation  in 
the  intersleep  intervals  of  aviators  than  of  non-aviators.  Aviators'  sleep  was  more  irregular. 


Table  IA 

Sleep  Patterns  of  Aviators  and  Non-Aviators  Under  Moderate  Work  Load 


Variab le 

Avi ators 

S I qn i f 1 cance 

Non-Aviators 

(Mean+_S.E. ) 

(Mean+S.E. ) 

Total  Sleep  Duration  (Hrs/24  Hrs) 

7.  7+1.5 

N.S. 

7.46+1.2 

Sloop  Episode  Duration  (Hrs) 

4. 8+1. 6 

N.S. 

5.1  i + i.8 

Inter-Sleep  Interval  (Hrs) 

li. 7^3.8 

p<.05 

14.5+2.6 

Sleep  Duration  Variance 

11.67 

N.S. 

7.61 

Sleep  Episode  Variance 

13.28 

N.S. 

17.13 

Inter-Sleep  Interval  Variance 

74.94 

pv.05 

35.76 

Table  IB  lists  the  correlations  between  tne  sleep  measures  and  the  biochemical  levels  that  occurred 
during  the  succeeding  period  of  high  cumulative  work  load.  Only  intersleep  interval  and  variance  were 
related  significantly  to  the  biochemical  values.  Intefsieep  interval  variance  was  not  related  significant- 
ly to  landing  performance  during  the  period  when  the  sleep  logs  were  kept,  but  its  relation  to  performance 
during  tha  high  cumulative  work  load  period  has  rot  been  determined. 

Table  16 

Correlations  of  Aviators'  Sleep  Parameters  with  Biochemical  Values 

Variable  r 


Inter-Sleep  Interval: 

I.  Cholesterol  (change  from  non-flying  to  High 

Cumulative  Work  Load  condition)  .4i7  • 

Sleep  Episode  Variance: 

1.  Lactate  Level  (High  Cumulative  Work  Load  condition)  .352 

2.  Pyruvate  Level  (High  Cumulative  Work  Load  condition)  .357 

Inter-Sleep  Interval  Variance: 

I.  Lactate  Level  (High  Cumulative  Work  Load  condition)  .399 


•p<.05 

'ihere  were  no  statistically  significant  changes  in  any  of  the  emotional  states  as  measured  by  response 
on  the  Mood  Adjective  Check  List.  There  was  a slight  upward  trend  in  Fatigue  and  a slight  downward  trend 
in  Activity  and  Fear,  as  a consequence  of  increasing  cumulative  work  load.  Except  for  Fatigue,  the  varia- 
bility of  the  subjects'  moods  did  not  change  as  a consequence  of  increasing  work  load.  The  variability  of 
Fatigue  response  did  increase  under  the  high  cumulative  work  load  condition,  although  the  increase  was  sig- 
nificant only  in  comparison  to  the  non'Iying  state. 

The  interrelationship  of  the  various  moods  is  shov-n  in  Figure  li  which  also  illustrates  the  changes  in 
mood  association  pattern  as  a consequence  of  high  work  load.  At  all  times  there  was  a consistent  positive 
correlation  between  Fatigue  and  Depression,  Happiness  and  Activity,  and  Depression  and  Anger.  There  was  a 
negative  correlation  between  Activity  and  Fatigue.  Flying  activity  regardless  of  work  load  added  a nega- 
tive correlation  between  Depression  and  Happiness  to  this  pattern.  Moderate  work  load  gave  rise  to  an 
inverse  relationship  between  Depression  and  Activity;  this  relationship  continued  during  the  high  work  load 
period.  Under  high  work  load  the  relationship  between  Happiness  and  Fear  that  was  present  in  the  moderate 
work  load  condition  disappeared,  and  the  relationships  of  Fear  and  Depression  and  Anger  and  Happiness 
appeared. 

The  pilots'  carrier  landing  performance  s ores  did  not  decrease  as  a result  of  increasing  cumulative 
work  load  and  in  fact,  there  was  a slight,  but  insignificant  upward  trend  in  performance.  Also,  the 
pilots'  performance  was  not  more  varialbe  under  increasing  work  load.  Indeed,  there  was  an  insignificant 
reduction  in  variability. 


Figure  1 1 
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MOOD  ASSOCIATIONS  AS  A FUNCTION  OF  CUMULATIVE  WORK  LOAD 


Nu  Cumulative  Work  Load 


Modera^  Cumulative  Wurk  Load 


High  Cumulative  Wufk  Load: 


Indicetes  statistically  significant  reUtlonshIps  between  moods.  The  values  are  correlation 
coefficients  (r). 


The  relationship  of  biochemical  and  mood  factors  to  biographical  data  was  altered  by  cumulative  work 
load  as  is  illustrated  In  Table  II.  Cholesterol  which  was  significantly  related  to  fiving  experience  and 
age  under  control  and  mo  erate  work  load  conditions,  becomes  Inversely  related  to  hel  j..t,  weight,  and 
accident  history  under  conditions  of  high  work  load.  Conversely,  uric  acid  under  high  work  load  conditions 
loses  the  relationship  to  height  and  weight  that  was  present  under  control  flying  conditions.  Under  high 
work  load  conditions  lactic  acid  become:  strongly  related  to  age,  whereas  under  the  :sme  conditions, 
pyruvic  acid  loses  Its  relationship  to  height,  weight,  and  carrier  experience.  The  lactata-pyr uvate  ratio 
follows  the  pattern  of  pyruvic  acid. 

There  was  no  common  pattern  of  relationship  of  moods  to  biographical  data.  Happiness,  which  under  non- 
stress conditions  was  related  to  experiential  and  physical  factors,  lost  ail  relationship  to  biographical 
data  under  conditions  of  cumulative  work  load.  Fear  under  high  work  load  conditions  reestablished  Its 
Initial  relationship  to  specific  aircraft  experience,  and  lost  the  relationship  to  education  that  was 
present  under  milder  conditions.  Surprisingly,  Fear  was  not  related  to  accident  history  at  any  state. 

The  relationship  of  Anger  to  carrier  exper'ence  was  lost  under  conditions  of  cumulative  work  load. 
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Table  II 

Correlations  of  Biochemical  and  Mood  Factors  with  Biographical  Data 


No 

Moderate 

High 

Cumul ati ve 

Cumu lati ve 

Cumu 1 atl ve 

Non-f lying 

Work  Load 

Work  Load 

Work  Load 

Cholesterol : 


F-4J  Experience 

.145 

.275 

.290 

-.091 

Flying  Experience 

.457» 

.498» 

.325 

.181 

ACC-2  Years 

.007 

-.  103 

-.201 

-.397* 

ACC-6  months 

-.01  1 

-.015 

-.099 

-.  155 

Age 

.580»» 

.710“ 

.473* 

.210 

Height 

-.172 

-.227 

-.172 

-.577** 

Weight 

-.130 

-.143 

-.163 

-.406* 

Uric  Acid: 

Flying  Experience 

-.190 

-.099 

-.411* 

-.259 

ACC-2  years 

.056 

. 367 

.261 

.060 

ACC-6  Months 

-.099 

.039 

. 102 

.079 

Height 

.305 

.486* 

.251 

. 133 

Weight 

.509 

.455* 

.443* 

.039 

Lact i c Acid: 

Age 

-.297 

-.245 

-.273 

-.538** 

Height 

-.198 

-.  152 

. '■'3 

.206 

We  i gh  t 

-.  134 

-.272 

. -64* 

.236 

Py ruv i c Acid: 

F-4J  Experience 

.135 

.379 

-.106 

-.228 

Flying  Experience 

-.  162 

-.071 

-.250 

-.190 

Carrier  Experience 

.077 

.395 

-.  193 

-.158 

Age 

-.293 

-.170 

- . 155 

-.353 

Height 

.152 

-.039 

.270 

.374 

Weight 

.054 

-.406* 

.202 

. 1 15 

lactate-pyruvate  Patio: 

Weight 

. 140 

.246 

.226 

Happy; 

F-4J  Experience 

.476* 

.141 

. 196 

.082 

Flying  Experience 

- . 306 

.377 

.341 

. 121 

Carrier  Experience 

-.386 

.135 

.114 

.096 

ACC-6  Months 

.48l» 

.495* 

.303 

.334 

Age 

. 121 

.313 

.377 

.099 

Height 

.5I7»» 

.225 

.269 

.048 

Weight 

.627»« 

.451* 

.310 

-.131 

Fear: 

Education 

. 186 

-.390 

-.397* 

-.353 

F-4.J  Experience 

-.5C8«» 

-.  126 

-.128 

-.422* 

Flying  Experience 

-.349 

-.333 

-.232 

-.346 

Height 

-.  149 

-.246 

-.227 

-.384 

Anger: 

Carrier  Experience 

-.50I* 

-.560** 

-.306 

-.249 

Height 

-.  194 

-.237 

-.346 

.225 

••  p< . 0 1 

* p<.05 


Table  III  A indicates  the  relative  strength  of  the  tac+ors  determining  performance  under  various  work 
load  conditions.  On  the  initial  flights,  following  non-flying  duty,  experience  in  the  aircraft  was  the 
most  itnportant  factor  in  determining  pilot  performance  in  carrier  landing.  On  subsequent  flights  as  work 
load  accumulated  aircraft  experience  continued  in  Importance,  and  carrier  experience  became  an  important 
consideration.  At  high  work  load,  experience  was  less  of  a factor  and  emotional  and  biochemical  influences 
are  seen. 
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Table  MIA 

Correlations  of  Biochemical,  Emotional  and  Biographical  Data  with  Landing  Performance 


No 

Moderate 

High 

Cumulative 

Cumulative 

Cumulative 

Work  Load 

Work  Load 

Work  Load 

F-4J  Experience 

.536A» 

.607*» 

.338 

Flying  Experience 

.31 1 

. 166 

.378 

Carrier  Experience 

-.162 

-.53?"' 

.209 

Accident  Past  6 Months 

-.062 

.242 

-.067 

Accident  Past  2 Years 

-.192 

.038 

-.002 

Age 

-.036 

-.1  15 

.225 

Cholesterol 

-.046 

-.089 

.374 

Depression  Mean 

-.218 

-.081 

-.501* 

Fear  Mean 

-.123 

.038 

-.382 

Table  ill  B lists  the  significant  relationships  between  performance  and  biochemical  parameters  at 
three  cumulative  work  load  levels.  Several  items  are  worthy  of  note  in  this  table.  The  pilots'  cholester- 
ol levels  were  determined  by  their  age  and  total  flying  experience.  Their  uric  acid  level  was  a function  of 
height  anc  weight,  whereas  their  lactic  arid  level  was  inversely  related  to  age,  and  was  related  to  the  com- 
ponents of  the  lactate-pyruvate  system. 

The  variability  of  the  pilots'  cholesterol  values  was  a function  of  age,  flying  experience,  and  the 
mean  level  of  cholesterol.  However,  the  effect  of  age  on  cholesterol  variability  was  very  strong.  The 
partial  correlation  of  cholesterol  variability  with  age  indicated  that  older  men  have  more  variable  chol- 
esterol levels  than  could  be  accounted  for  by  the  increased  mean  cholesterol  levels  found  in  older  men. 

The  variability  of  uric  acid  was  closely  related  to  its  mean  level.  The  variability  of  the  lactate- 
pyruvate  system  was  related  to  the  mean  levels  of  the  lactate  and  pyruvate. 

Table  1 1 IB 

Correlatiors  cf  Mean  Performance  and  Biochemical  Data  with  Biographical 
and  Emotional  Factors  Irrespective  cf  Cumulative  Work  Load 


Mean  Factor 

Correlates 

r 

Performance  Mean 

1 . 

Depression  Level 

-.402* 

2. 

F-4J  Experience 

.694*» 

3. 

Total  Hours  Flown 

.412* 

Performance  Varia.ice 

1. 

F-4J  Experience 

-.487* 

2. 

Depression  Variance 

.360*+ 

3. 

Fatigue  Variance 

.520** 

Cholesterol  Mean 

1. 

Total  Hours  Flown 

.421  * 

2. 

Age 

.546** 

Cholesterol  Variance 

1. 

Cholesterol 

.413* 

2. 

Total  Hours  Flown 

.457* 

3. 

Age 

.719** 

+4. 

Age  (at  constant  mean) 

.648** 

Uric  Acid  Mean 

1 . 

Height 

.379++ 

2. 

Weight 

.365++ 

Uric  Acid  Variance 

1 . 

Uri  c Aci d Mean 

.505** 

2. 

Height 

.414* 

Lactic  Acid  Mean 

1 _ 

Pyruvic  Mean 

.462* 

2. 

Age 

-.526** 

Lactic  Acid  Variance 

1 . 

Lactic  Acid  Mean 

.606  ** 

2. 

Weight 

.493* 

3. 

Lactate-Pyruvate  Ratio 

.509  ** 

Pyruvic  Acid  Mean 

1. 

Lactic  Acid  Mean 

.462  * 

2. 

Lactate-Pyruvate  Ratio 

-.539  ** 

Pyruvic  Acid  Variance 

1 . 

Pyruvic  Acid  Mean 

.575  ** 

+ Partial  correlation 

» 

p<.05 

++ Not  statistical ly  significant 

••ps.Ol 

Of  particular  interest  was  tne  strong  dependence  cf  performance  on  feelings 

of  depression.  Even  more 

king  was  the  dependence  of  performance 

vari ab i 1 i ty 

on  emotional  variability, 

particularly  fatigue. 

DISCUSSION 

These  results  indirjie  thet  the  physiologic  and  emotional  cost  incurred  by  pilots  of  fighter  and  attack 
aircraft  in  combat  does  rot  seen  to  be  as  severe  as  that  incurred  by  transport  crews  flying  extended 
missions  (14).  Fighter  a r crjws  do  suffer  a deterioration  of  sleep  pattern  but  this  is  mild  compared  to 
that  noted  in  transport  crews  on  extended  missions.  There  is  a metabolic  depression  manifested  mainly  as  a 
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decline  In  cholesterol  and  uric  acid  levels,  which  Is  not  great  enough  to  be  of  pathological  significance 
and  may  represent  a successful,  although  temporary,  adaptation  to  the  Imposed  stress.  An  Inverse  rela- 
tionship between  flying  experience  and  the  biochemical  response  to  stress  was  not  presen ^ In  this  study. 

In  contrast  to  Kramer's  study,  the  stress  Imposed  In  this  study  was  comparatively  mild,  and  the  effect  of 
experience  on  performance  was  strong. 

In  an  analysis  of  the  responses  of  a group  of  Individuals  to  a weak  stressor,  both  the  mean  level  of 
any  paramater  and  the  variability  of  that  parameter  may  be  of  significance,  as  both  may  change  as  a result 
of  environmental  stimuli.  Indeed,  partition  of  variance  is  commonly  used  as  a statistical  tost  of  treat- 
ment effects.  Much  of  the  change  in  variance  associated  with  environmental  stimuli  can  be  attributed  to 
alterations  in  the  level  of  the  parameter  affected  or  of  closely  related  parameters.  Thus,  the  decreases 
in  the  variance  of  uric  acid  and  cholesterol  noted  as  a result  of  cumulative  work  load  are  owing  largely 
to  the  significant  decrease  in  mean  levels  of  cholesterol  and  uric  acid. 

However,  changes  in  variance  that  are  unaccompanied  ty  changes  in  mean  level  are  a useful  and  early 
measure  of  the  response  of  a group  to  a stressor,  in  that  they  represent  the  responses  of  some  but  not  all 
members  of  the  group.  For  example,  in  this  study  more  of  the  variance  in  cholesterol  is  related  to  age 
than  to  cholesterol  level  and  partial  correlations  indicate  that  older  men  have  greater  cholesterol  varia- 
bility than  would  be  expected  simply  from  the  higher  cholesterol  level  that  occurs  in  older  persons. 

As  the  variability  of  the  biochemical  parameters  in  this  study  is  related  only  to  the  mean  level  of  a 
particular  parameter,  or  to  relatively  fixed  parameters  such  as  age,  or  weight,  a change  in  the  variability 
of  a parameter  in  the  absence  of  a change  in  its  mean  level  is  an  early  Indication  of  the  compensatory 
response  of  that  parameter  to  a stressor.  Thus,  the  increase  in  the  variability  of  lactic  acid  with 
moderate  cumulative  work  load  and  the  increase  in  pyruvate  variability  with  high  cumulative  work  load  are 
indications  of  the  pilots'  compensatory  reactions  to  the  stressor — cumulative  work  load. 

Of  the  physiological,  emotional  and  behavioral  measures  considered  in  this  study,  cholesterol,  uric 
acid  and  intersleep  interval  responded  to  stress  with  changes  in  mean  levels  and  variability.  Lactate, 
pyruvate,  and  the  lactate-pyruvate  ratio  responded  by  changes  in  variability  only.  Mood  measures  showed 
only  a slight  change  in  variability,  and  performance  did  not  change  at  all  in  either  mean  level  or  varia- 
bility. On  '■he  basis  of  degree  of  response  to  increasing  levels  of  work  load,  the  measures  used  in  this 
study  can  be  ranked  in  terms  of  sensitivity  to  stress.  Uric  acid  is  the  most  sensitive  followed  by  chol- 
esterol, or  sleep  measures.  Measures  of  emotion  are  less  sensitive  than  biochemical  or  sleep  measures 
but  more  sensitive  than  changes  in  performance. 

Even  in  the  absence  of  significant  changes  in  mean  level  or  variance,  shifts  in  association  pattern 
both  within  moods  a -c  between  experiential  factors  and  mocds,  and  between  experience  and  performance,  do 
occur  as  a result  of  work  load  accumulation.  Such  shifts  are  not  only  sensitive  indicators  of  stress 
response  but  they  greatly  complicate  the  process  of  performance  prediction.  Depending  on  the  accumulated 
flying  work  load,  mood,  experience,  sleep  or  biochemistry  can  enter  into  the  prediction  of  performance. 

Teichman's  concept  of  stress  response  interposes  a compensating  mechanism  or  mechanisms  as  controlling 
variables  between  the  stressor  and  the  controlled  behavior.  From  the  data  in  this  study  it  would  seem  that 
there  is  a series  of  elements  in  the  pathway  from  stressor  to  stress  response.  Correlation  coefficients, 
as  a measure  of  the  coordinate  variation  cf  two  parameters,  express  the  closeness  of  the  relationship 
between  them.  From  the  high  correlations  between  mood  factors  and  performance,  it  would  seem  that  emotion 
is  one  of  the  ma'n  controlling  var'ables  of  performance.  The  relationships  between  lactate  and  pyruvate 
and  emotion  were  of  low  order  and  significant,  leading  to  the  hypothesis  that  some  unmeasured  variable 
or  variables  mediates  emotion  and  the  lactate-pyruvate  system.  The  absence  of  change  in  iactate  and 
pyruvate  levels  Is  to  be  expected  from  their  relationship  to  Intracellular  ox i dat ion- reduct i on  states  which 
would  be  affected  only  by  a severe  stress  such  as  hypoxia  (23).  Cholesterol  changed  markedly  in  reaction  to 
the  stressor,  but  its  correlation  to  lactate  and  pyruvate  was  weak,  again  suggesting  an  Intermediate  varia- 
ble. Of  the  three  sleep  measures  only  one  showed  response  to  stress.  Sleep  measures  were  correlated  with 
both  cholesterol  and  lactate  and  pyruvate;  sleep  may  be  a parallel  to  the  link  between  cholesterol  and  the 
lactate-pyruvate  system. 

In  summary,  Teichman's  concept  of  the  organism  as  a complex  se I f-regu lat i ng  system,  which  responds  to 
increasing  stress  by  a sequence  of  progressive  ccmrensatory  changes  that  operate  to  control  behavioral 
phenomena,  seems  operationally  valid.  Cholesterol  and  uric  acid  are  most  sensitive  to  stress,  followed  by 
sleep  alterations  and  changes  in  the  I actate-pyruva-e  system.  Emotion  and  performance  are  the  least  sensi- 
tive to  stress.  In  this  study  we  have  analyzed  several  non-conti guous  elements  of  the  system.  The  roles 
of  catecholamine,  and  adrenal  cortical  steroids  as  Intermediate  variables  are  currently  under  investigation. 
However,  the  exact  role  of  the  various  experiential  factors  Is  still  not  clear.  Although  specific  aircraft 
experience  is  a strong  determinant  of  performance,  other  aspects  of  experience  also  seem  to  affect  emotional 
response  and  biochemical  change.  The  profound  modifying  effects  of  experience  do  not  seem  to  fit  Teichman's 
behavioral  model  and  it  may  be  necessary  to  develop  further  theoretical  framework,  to  account  for  the  effects 
of  experience. 
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SUMMARY 

A preliminary  longitudinal  study  of  the  factors  affecting  the  carrier  landing  performance  of  naval 
aviators  under  high  workload  conditions  has  been  carried  out.  Using  stepwise  multiple  regression 
techniques,  a substantial  portion  of  the  variability  In  landing  performance  could  be  accounted  for  by 
six  factors  under  zero  cumulative  workload  conditions  and  by  seven  {actors  under  moderate  cumulative 
workload  conditions.  High  cumulative  workload  conditions  sharply  reduced  predictive  ability.  Although 
specific  aircraft  experience  and  total  flight  experience  were  Important  predictors  of  average  landing 
performance,  blood  blochenloal  levels  and  emotional  states  had  significant  predictive  ability.  Sleep 
patterns  relate  strongly  to  performance.  The  factors  that  determine  landing  performance  change  as 
cumulative  workload  increases.  Suggestions  for  further  research  in  this  area  are  discussed. 


INTRODUCTION 

Because  of  their  great  theoretical  and  practical  value,  studies  of  the  factors  affecting  pilot 
performance  have  Interested  flight  surgeons  and  aviation  psychologists  for  a number  of  years.  Identi- 
fication of  the  skills  and  factors  Involved  in  operating  high  performance  aircraft  would  facilitate  the 
rational  design  of  successful  training  programs  and  would  permit  the  development  of  selection  proce- 
dures to  assure  efficient  use  of  such  training.  In  addition,  knowledge  of  the  factors  and  skills  invol- 
ved in  pilot  performance  could  lead  to  greater  safety  and  efficiency  cf  air  operations. 

Modem  statistical  techniques  such  as  factor  analysis  and  stepwise  multiple  regression  are 
extremely  useful  not  only  in  the  evaluation  of  relevant  factors,  but  also  for  the  development  of  pre- 
dictor equations  for  experimental  testing.  The  use  of  such  techniques  does  impose  some  severe  limi- 
tations. Stepwise  multiple  regression  requires  that  a linear  relationship  exist  between  the  predictors 
and  the  criterion  variable.  In  addition,  the  criterion  must  be  valid  and  quantitative  and  the  number  of 
subjects  must  be  fairly  large  (1).  Brictson  developed  a measurenent  based  on  the  wire  number  used  in 
aircraft  arrestment  on  a carrier  as  a measure  of  landing  quality.  The  use  of  this  criterion  in  a mul- 
tiple regression  equation  identified  aircraft  handling  factors  that  influenced  carrier  landings  (2). 

By  the  use  of  a similar  approach  several  training  variables  were  found  to  predict  landing  quality 
during  night  carrier  qualifications  (3).  Other  investigators  have  used  multiple  regression  techniques 
to  evaluate  several  training  variables  that  critically  affect  training  performance  (4). 

Several  authors  have  suggested  that  performance  under  stressful  conditions  may  be  determined  by 
physiologic  and  emotional  factors  (5,>'.  Brictson  has  noted  that  carrier  landing  performance  is  to 
some  degree  determined  by  the  pilot's  experience  (7).  In  a previous  report,  we  noted  that  the  relation- 
ships between  emotional  states,  biochemical  parameters,  experience  and  performance  shifted  as  a result 
of  high  workload  stress.  In  that  descriptive  study,  the  relative  contribution  of  the  various  factors  to 
performance  was  not  evaluated  (8). 

The  purpose  of  this  study  is  to  report  the  use  of  multiple  regression  analysis  to  isolate  the 
factors  affecting  carrier  landing  performance  under  conditions  of  increasing  cumulative  workload.  In 
addition,  we  will  C ?scribe  the  relationship  between  sleep  changes  and  performance. 


METHODS 

As  predictor  variables,  biochemical,  emotional  and  experiental  data  were  gathered  from  26  F-4J 
pilots  deployed  on  an  aircraft  carrier  in  the  Western  Pacific.  As  previously  described,  blood  samples 
for  analysis  of  serum  cholesterol,  serum  uric  acid,  blood  lactate  and  pyruvate,  and  assessments  of 
happiness,  activity,  depression,  fear,  anger,  and  fatigue  were  obtained  prior  to  missions  representing 
zero,  moderate  and  high  cumulative  workload.  Workload  levels  were  determined  on  the  basis  of  average 
daily  flying  hours,  number  of  prior  consecutive  days  of  flying  activity,  and  the  relative  danger  involveii 
in  the  mission.  For  a one-wc^  period  representing  a cumulative  workload  level  between  moderate  and  high, 
the  sleep  patterns  of  a subsample  of  the  aviators  were  recorded  on  sleep  logs  kept  by  the  aviators.  The 
logs  reported  total  sleep  per  24-hour  period,  sleep  duration,  and  intersleep  interval  (8). 

The  pilots'  landing  performance  scores  tor  the  missions  flown  immediately  after  blood  sampling  and 
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eBotional  asseesment  were  used  in  the  analysis  of  factoi's  affecting  individual  mission  landing  perfor- 
mances. The  average  landing  performance  scores  for  missions  flown  in  the  10-day  period  following  blood 
sampling  and  mood  assessment  were  used  in  the  analysis  of  factors  affecting  mean  landing  performance. 

The  relationship  between  sleep  parameters  and  Individual  mission  landing  performance  was  examined 
by  correlation.  The  statistical  procedure  of  stepwise  multiple  regression  was  used  to  identify  pre- 
dictor variables  which  accounted  for  significant  variance  in  the  criterion.  The  resultant  leart  squares 
linear  regression  equations  allowed  for  the  prediction  of  individual  landing  performance  scores  as  a 
function  of  the  predictor  variables. 


RESULTS 

Table  lA  lists  the  factors  that  entered  into  the  predictor  equation  for  individual  mission  perfor- 
mance during  the  zero  cumulative  workload  period.  The  strongest  predictor  — history  of  having  had  an 
accident  within  two  years  of  the  study  — accounted  for  27%  of  the  variability  in  landing  performance. 
Addition  of  serum  uric  acid  and  cholesterol  to  the  equation  significantly  Improved  the  pr^lctive 
ability.  The  addition  of  total  flying  experience  to  the  equation  increased  predictive  ability  signifi- 
cantly but  addition  of  blood  lactic  acid  level  did  not. 

Table  IB  lists  the  factors  that  entered  into  the  predictor  equation  for  individual  mission  perfor- 
mance during  the  moderate  cumulative  workload  period.  Specific  aircraft  experience  was  the  strongest 
predictor  of  landing  performance.  The  mood  factors  — depression  and  activity  — contributed  signifi- 
cantly to  prediction.  The  only  blochonical  factor  to  enter  — blood  pyruvate  level  — increased  the 
predictive  ability.  Accident  history,  carrier  experience,  and  anger  entered  last  and  raised  the  mul- 
tiple R to  .927.  The  seven  significant  factors  accounted  for  86%  of  the  variance  in  mission  landing 
performance. 

Table  IC  lists  the  factors  that  entered  into  the  predictor  equation  for  individual  mission  perfor- 
mance during  the  high  cumulative  workload  period.  The  strongest,  and,  indeed,  the  only  significant 
predictor  was  serum  cholesterol  level.  Addition  of  the  serum  uric  acid  level  and  the  lactate-pyruvate 
ratio  to  the  equation  increased  the  multiple  R but  provided  no  significant  increase  in  predictive 
ability.  The  three  factors  accounted  for  only  42%  of  the  variability  in  landing  performance. 

Table  IIA  lists  the  factors  that  entered  into  the  predictor  equation  for  average  landing  perfor- 
mance during  the  zero  cumulative  workload  period.  Specific  aircraft  experience  entered  first  and 
accounted  for  28%  of  the  variance  in  landing  performance.  The  addition  of  two  blood  biochemical  levels  ~ 
blood  pyruvate  and  serum  cholesterol  — to  specific  aircraft  experience  accounted  for  57%  of  perfor- 
mance variance.  The  addition  of  three  mood  factors  — depression,  anger,  and  happiness  --  resulted  in  a 
further  significant  increase  in  predictive  ability.  The  six  factors  together  accounted  for  78%  of  the 
variability  in  average  landing  performance. 

Table  IIB  lists  the  factors  that  entered  into  the  predictor  equation  for  average  landing  perfor- 
mance during  the  moderate  cumulative  workload  period.  Two  experience  factors  — specific  aircraft 
experience  and  carrier  experience  — together  accounted  for  about  50%  of  the  variability  in  average 
landing  performance.  Smaller  but  significant  increases  in  predictive  ability  were  achieved  by  the 
successive  addition  of  anger,  blood  pyruvate  level  and  serum  cholesterol  level  to  the  equation.  The 
addition  of  fear  and  fatigue  raised  the  multiple  R to  .94  and  the  seven  factors  accounted  for  89?,  of  the 
workload  conditions. 

Table  IIC  lists  the  factors  that  were  considerel  in  constructing  the  predictor  equation  for  average 
landing  performance  during  the  high  cumulative  workload  period.  An  equation  with  significant  predictive 
ability  for  average  landing  performance  could  not  be  developed.  No  factor  could  be  found  that  would 
account  for  a significant  portion  of  the  variability  of  landing  performance.  Total  flight  experience 
and  carrier  experience  had  the  highest  correlations  with  landing  performance  but  neither  reached  statis- 
tical significance.  The  addition  of  the  mood  — depression  — and  the  addition  of  the  biochemical 
factors  — blood  pyruvate  level  and  serum  cholesterol  — raised  the  multiple  R but  did  not  make  it 
statistically  significant. 

Table  III  depicts  the  relationship  of  sleep  pattern  and  landing  performance.  Only  one  sleep 
measure  — vaiiabillty  of  inttrsleep  interval  — cofrelaieJ  with  individual  landing  perfoniialioe.  Hie 
correlation  coefficient  was  significant  at  the  .05  level.  Thus,  the  more  variable  the  sleep-wakefulness 
pattern  the  lower  the  landing  performance. 


DISCUSSION 

HiC  rtlatlvtly  fu#I1  riUiUtr  of  subjtrfs  it  t'js  ttui?y  the  p».w«;r  if  tke  sttprt 

regression  procedure.  The  presence  of  a small  number  of  subjects  can  lead  to  spuriously  high  multiple 
correlations,  if  the  data  distribution  is  skewed.  The  '.all  number  of  subjects  also  does  not  allow  the 
use  of  a "iioid  out"  sample  for  cross  validation,  so  th..t  liio  validity  of  the  predictions  so  developed 
catiiioi  %!-•  Wo  have  used  l\ie  stepwise  multiple  ^epitssioii  technique  only  to  tentatively  identify 

those  farcor;  - iit  contribute  to  carrier  landing  perfor..'inc<j  under  conditions  of  increasing  cumulative 
workloau 

The  most  striking  finding  was  the  effect  of  high  cumulative  workload  on  performance  prediction. 

UtidtrT  cotiditictis  of  zero  3tid  mtudeTatt  ctfflftiiative  woikluati,  nioTe  tdian  1^)70  of  tire  variability  in  indiviiloai 
landing  performance  could  be  accounted  for  by  the  predictor  variables.  Under  conditions  of  high  cumu- 
lative workload,  only  40%  of  the  individual  landing  performance  variability  could  be  accounted  for  by 
the  predictor  variables.  The  prediction  of  average  landing  performance  was  even  more  severely  disturbed 
by  high  cumulative  workload.  Althoujh  oui  previous  report  had  indici^ed  that  there  was  a shift  of  the 


factor;!  associated  with  perfonunce  in  the  transition  froai  low  to  hl^  cuaailative  woiUoad,  the  absence 
of  significant  correlates  with  avenge  perfonaance  during  the  high  cunilative  workload  period  was  nther 
striking  (8).  Nicholson  noted  that  a pilot's  assesanent  of  workload  becane  leas  predictable  under  high 
workload  conditions  and  suggested  that  either  the  pilot  used  a different  technique  to  aeaess  workload 
under  such  conditions,  or  that  narked  centnl  nervous  activity  during  high  workload  interfered  with  the 
pilot's  assesstaent  (9).  The  data  fron  this  study  iirdicate  that  the  situation  is  laore  conplex.  Although 
a high  multiple  R could  be  achieved  during  zero  and  awdente  cunilative  workload  periods,  the  factors 
contributing  to  the  prediction  changed  as  workload  increased.  Also, predictive  ability  abruptly  declined 
in  the  high  workload  period.  This  may  mean  that,  as  workload  accuanilates,  different  factors  d^emine 
performance  and  that  the  factor  contributions  may  be  non-linear. 

It  is  quite  clear  that  one  factor  that  must  be  considered  in  performance  prediction  is  workload. 
Several  studies  have  shown  that  increases  in  workload  are  acccaipanied  by  a deterioration  of  sleep 
pattern  (10)  and  as  these  data  indicate,  irregularity  of  sleep  pattern  is  closely  related  to  landing 
performance.  At  least,  irregular  sleep  is  an  indicator  that  the  pilots  are  reaching  the  maximum  toler- 
able level  of  sustained  performance. 

In  a previous  study  we  noted  that  sleep  patterns  were  related  to  cholesterol,  lactate,  and  pyru- 
vate levels  (8).  The  appearance  of  those  biochemical  parameters  in  equations  predicting  landing  per- 
formance may  be  a consequence  of  that  relationship. 

As  might  have  been  ecpected,  stable  factors  such  as  specific  aircraft  experience,  had  greater 
predictive  ability  for  average  performance  than  did  labile  factors  such  as  blood  biochanical  levels. 

It  is  not  known  why  experience  factors  did  not  appear  in  equations  predicting  average  performance 
during  the  high  cumulative  workload  period.  1‘erhaps  the  effects  of  experience  on  landing  performance 
are  inhibited  by  the  deleterious  effects  of  high  workload  on  older,  more  ecperienced  pilots.  In  any 
event  there  is  no  firm  guide  to  enable  operational  commanders  to  select  pilots  for  high  performance, 
high  workload  operations. 


The  small  number  of  subjects  in  this  study  and  the  high  multiple  correlations  achieved  emphasizes 
the  need  fur  further  research  in  this  area.  When  the  number  of  subjects  is  small,  the  factors  that 
initially  enter  into  a multiple  regression  equation  are  likely  to  be' the  most  valid.  These  factors 
should  provide  the  basis  for  a future  study  which  would  consider  the  effects  of  sleep,  mood,  and  cuani- 
lative  workload  on  landing  perfurmance.  Such  a study  should  Include  a large  number  of  subjects  so  that 
cross  validation  of  the  predictors  wuuld  be  possible. 
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TABU  lA 

Factors  Entering  into  Predictor  Equation  for  Individual  Mission 
I’ERfOWAllCE  DURIMG  ZEBO  ClBmATlVE  WOWCEOAD  PERKJO 


Factors 


Accident  History  - 2 years 

Accident  Historv  - 2 years  - Uric  Acid  Level 


Accident  History 


2 years  - Uric  Acid  Level 

Cholesterol  Level 


Accident  History- 


Accident  History  - 


2 years  - Uric  Acid  Level 
Cholesterol  Level 
Total  Flight  Hours 

2 years  - Uric  Acid  Level 

Cholesterol  Level 
Total  Flight  Hours 
Lactic  Acid  Level 


***  p .00,' 
**p  ."1 


FABLE  IB 

Factors  Entering  into  Predictor  Equation  for  Individual  Mission 
PERFORMANCE  DURING  MCHiERATE  CUMULATIVE  WORKLOAD  PERICC 


Factors 


F-4J  Experience 

*'-4J  Experience 
Depression 

i-4J  Experience 

Depression 

Activity 

F-4J  Experience 

Depression 

Activity 

Blood  Pyruvate  Level 

F-4J  Faperlence 

Depression 

Activity- 

Blood  Pyruvate  Level 
Accident  History  - 2 years 

F-4J  Experience 

Depression 

Activity 

Blood  Pyruvate  Level 
Accident  History  - 2 years 
Carrier  Experience 

F-4J  Experience 

Depression 

Activity 

Blood  Pyruvate  Level 
Accident  History  - 2 years 
Carrier  Experience 
Anger 

***  p < .005 


.635*** 


.787*** 


.838*** 


.865*** 


.892*** 


.927*** 


Al>6 


TABLE  1C 

Factors  Entering  Into  Predictor  Equation  for  Individual  Mission 


PEHrOBMAMCE  MIRIMG  HICH  CUMDUTIVE  WOWCLOAD  PERIOD 


Factors 

R 

r2 

Cholesterol  Level 

.525** 

.276 

Cholesterol  Level 
Uric  Acid  Level 

604** 

.365 

Cholesterol  Level 
Uric  Acid  Level 
Lactate-l‘>’ruvate  Ratio 

.646** 

.418 

*•  p < .01 

TABLE  IIA 

Factors  Dtering 

into  Predictor  Equation 

for  Average  Landing 

PERFCRM.ANCE 

DURIMC  ZERO  CUMtnJiTIVE  WORKLOAD  PERIOD 

Factors 

R 

r2 

F-4J  Experience 

.536*** 

.280 

r— U Experience 
Blood  f“vrjvate  Level 

. 696*** 

.481 

F-4J  Experience 
Blood  f^ruvate  Level 
Serum  Cholesterol  Level 

.753*** 

.568 

F-4J  Experience 
Blood  Pyruvate  Le\'el 
Senun  Cholesterol  Level 
Depressior 

.■'85*** 

.610 

F-4J  Lxperieiice 
Blood  Pyruvate  Level 
Serum  Cholesterol  Level 
Depression 
Anger 

.840*** 

.700 

F-4J  Experience 

Blood  Pyruvate  Level 

Serum  Cholesterol  Level 

Depression 

Anger 

Happiness 

.884*** 

.781 

***  p < .005 


TABLE  IIB 


Factors  Entering  into  Predictor  Equation  for  Average  Landing 


PERFORMANCE  DURIWG  MODERATE  WORKLOAD  PERIOD 


Factors 

R 

R^ 

F-4J  Experience 

.607*** 

.368 

F-4J  Experience 
Carrier  Experience 

.703*** 

.494 

F— «J  Experience 
Carrier  Experience 
Anger 

. 760*** 

.578 

F-4J  Experience 
Carrier  Experience 
Anger 

Blood  Pyruvate  Level 

.8-3*** 

.652 

F-4J  Experience 
Carrier  Experience 
Anger 

Blood  Pyruvate  Level 
Serum  Cholesterol  Level 

.850*** 

.723 

F-4J  Experience 
Carrier  Experience 
Anger 

Blood  Pyruvate  Level 
Serum  Cholesterol  Level 
Fear 

.884*** 

.781 

F-4J  Experience 
Carrier  Experience 
Anger 

Blood  Pyruvate  Level 
Serum  Cholesterol  Level 
Fear 
Fatigue 

. 942*** 

.888 

***  p < .005 

TABLE  lie 

Factors 

Entering  into 

Predictor  Equation 

for  Average  Landing 

PERFORMANCE 

DURING  HIGH  WORKLOAD  PERIOD 

Factors 

R 

r2 

Total  Flight  Dcperience 

.378ns 

.142 

Total  Flight  Experience 
Carrier  Experience 

.439ns 

.193 

Total  Flight  Experience 
Carrier  Experience 
Depression 

.497ns 

.247 

Total  Flight  Experience 
Carrier  Experience 
Espressioii 
F-4J  Experience 

.529ns 

.280 

Total  Flight  Experience 
Carrier  Experience 
Depression 
F-4J  Experience 
Blood  Pyruvate  Level 

.562ns 

.316 

Total  Flight  Experience 
Carrier  Experience 
Depression 
F-4J  Experience 
Blood  Pyiuvate  Level 
Serum  Cholesterol 

.585ns 

.342 

ns  - Not  statistically  significant. 


TABLE  III 


CORRELATIONS  OF  SLEEP  PATTERNS  WITH  LANDING  PERFORMANCE 


R 

Sleep  Parameter  With  Performance 

1.  Total  sleep/24  hours  ,000 

2.  Sleep  Episode  Duration  ,000 

3,  Intersleep  Interval  .000 

4,  Variability  of  Total  - Sleep/24  hours  ,000 

5,  Sleep  Episode  Variability  ,000 

6.  Intersleep  Interval  Variability  -,762* 
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GENERAL  DtSCDSStON  ON  PAPERS  AlO  - A13 


WIUONSON 

DURBCHT 

WIIXINSON 

McHOCH 

WIIXINSON 


Mcmxai 


BOLDEN 


McHXH 


I would  like  to  know  whether  there  wee  a control  condition  for  rising  early 
but  not  flying? 

All  pilots  and  subjeeta  had  to  rise  at  0600  hours. 

Did  you  Investigate  the  partial  correlation  between  sleep  Interval  variability 
and  perfonsanee  holding  experience  constant? 

No. 

Brlctson  reported  that  choleaterol  was  higher  in  inexperienced  pilots  even 
though  perforaance  was  raised,  but  I believe  HeHugh  gave  us  the  Inpresslon 
that  the  cholesterol  eight  be  higher,  because  It  was  a synptoa  of  higher 
effort  on  the  part  of  the  Inexperienced  pilot  to  achieve  higher  levels  of 
perforaance. 

He  are  not  sure  what  cholesterol  represents,  but  suspect  It  Is  a reflection 
of  a sietabollc  arousal.  Experienced  pilots  tend  to  have  sosKwhat  higher 
cholesterol  levels  and  so  during  the  period  of  high  cusulative  workload  the 
cholesterol  values  of  experienced  and  inexperienced  pilots  were  approxlsutelv 
the  Sana.  We  think  this  means  that  Inexperienced  pilots  are  expending  aore 
energy  to  achieve  their  perfonsanee  iaprovesant, 

I was  wondering  if  the  regression  analysis  exaalned  the  interaetlva  teres  and 
If  any  sensitivity  studies  had  been  done  to  establish  the  stability  of  the 
regression  line? 

We  did  not  exanlne  interactions  or  stability. 


TER  BRAAK 
McHUGH 

BRICTSON 


QUESTION 

McHUCH 

OBERHOLZ 

McHUGH 

FRANKE 


Do  you  consider  that  tn  emphasise  perforaance  on  deck  landings  avoids 
Important  assessments  of  mission  success? 

We  quite  agree  that  the  mission  is  the  important  item,  but  It  is  difficult  to 
evaluate  objectively  perforaance  in  the  overall  mission.  The  carrier  landing 
perforaance  criterion  has  been  validated  against  a pilots  overall  skill  in 
carrying  out  his  complete  mission. 

He  are  conscious  of  this  relationship.  The  assumption  of  this  study  was  that 
carrier  landing  is  a critical  task  and  that  perforaance  on  this  crltlcsl  task 
at  the  termination  of  the  mission  gives  us  some  Idea  of  tdiat  stresses  have  been 
experienced.  In  terms  of  relating  carrier  landing  performance  to  other  pilot 
proficiency  we  are  now  in  fact  looking  at  correlations  between  pilot  landing 
performance  and  their  combat  flying  proficiency.  Preliminary  results  Indicate 
that  those  who  are  good  at  landing  at  night  on  carriers  are  also  the  best  in 
carrying  out  their  mission. 

Do  voii  think  that  sleep  logs  are  an  efficient  method  for  estimating  quality 
and  quant  1 tv  of  sleep? 

For  a field  studv  the  sleep  log  la  a hlghlv  reliable  measure  which  correlates 
falrlv  well  though  not  perfect Iv  with  EEG  recordings  of  sleep  quality. 

How  did  vou  measure  the  level  of  depression  and  anger? 

He  measured  the  level  of  depression  and  anger  using  a item  adjective  check 
list.  This  questionnaire  which  takes  about  10  sec  to  complete  has  been 
validated  on  *<,000  naval  recruits.  In  addition  it  has  been  validated  against 
performance,  Illness  and  disciplinary  action  in  naval  recruits. 

Can  you  say  that  a particular  landing  point  on  a carrier  deck  is  a normal  point 
and  all  deviations  depend  on  the  pilot  behaviour  at  that  moment? 


BRICTSON 


BRUmCHIN 


HARTMAN 

HARTMAN 


You  have  raised  the  question  about  random  variables  entering  into  any 
particular  landing  approach.  Except  for  the  conditions  which  I mentioned 
vesterdav  about  measures  taken  under  rain  etc  we  have  measured  these 
approaches  with  twin  precision  radars  from  1%  miles  down  to  touch  down  for 
over  6,000  landings  and  found  tha?  some  variables  do  enter  into  the  assessment 
but  not  in  a systematic  biasing  fashion. 

I was  interested  in  Dr  Hartman  s presentation  of  a quantitative  index  of  stress. 
This  is  a continuing  problem  in  ground  based  simulation.  Is  the  School  of 
Aerospace  Medicine  looking  at  the  use  of  phvslological  indices  of  stress? 

He  have  biochemical  and  subjective  data  which  indicates  that  flvlr'*  a 
simulator  is  equallv  stressful  as  flying  a transport. 

fin  reply  to  Ulbrecbt  on  correlation  between  biochemical  measures  and  workload). 
Sodium  and  potassium  excretion  arc  subject  to  many  factors  but  tbev  do  provide 
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• utaful  Indtv  and  raUta  to  tha  othar  awaauraa  In  an  affactlva  wav.  Aa  far 
aa  hervona  aatlnatlona  ara  concamad  wa  would  prafar  to  aaaaura  certlael.  Wa 
ara  alao  Intaraatad  In  I7>kato  atarioda. 


WUMGRIM 

HARTMAM 

ruCMS 

HARTMAN 


Haa  anr  racerdlnp  awda  of  ti>a  illialnatlen  laval  and  wora  tna  parfentanca 
Rra>*aa  brokan  down  for  Cha  talatvpa  oparatorT 

Ha  arranpad  for  an  anvtronaiantal  aurvav  of  tha  craft  bafera  tha  aaarclaa.  Tha 
Kphtlnp  waa  unaat  la  factory.  Tha  anawar  to  your  aacend  quaatlen  <a  no. 

Did  you  clarify  idiathar  tha  haadacha  may  hava  baan  dua  to  a madlcal  condition 
auch  aa  alnuaitua? 

No,  but  I think  va  ahould  have  followed  thia  up. 


I 
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LORO  BARSE  AIR-TO-AIR  RETUELLDK: 
A STDIir  OF  Vm  AES  SLSff  PATTBIRS 


Wing  CoMudcr  R.H.  Mills  RAF 
Royal  Air  Foroa  Strike  Conand 
fligti  lyccabet  Buekln^iamahlra, 
United  Kln^oa. 


'71ns  CoiBMnder  A.N.  Rlcholeon  ORE  RAF 
Royal  Air  Force  Institute  of  Aviation  Medicine 
Famborou^,  Haapshlre, 

United  Kli^on. 


SDMlARr 

The  sleep  patterns  of  ground  crew,  pilots  and  tanker  crews  Involved  In  a long  range  alr-to-air 
refoellli^  nleslon  have  been  related  to  their  duty  hours.  During  such  conplez  operations  workload  may 
vary  consldsrably  and  the  demands  placed  on  some  aircrew  may  be  very  high.  It  le  suggeeted  that  the  duty 
hours  demanded  of  Individual  aircrew  ehould  be  related  to  their  overall  workload.  In  this  way  It  may  be 
possible  to  maintain  an  acceptable  eleep  pattern  In  all  aircrew  and  ensure  that  no  Individual  pilot  or 
craw  msmber  Is  subjected  to  ezeesslve  duty  houre. 

IRTBOSUCnCR 

long  range  alr-to-alr  refuelling  demands  not  only  eophlatlcated  logistic  support  but  aleo  careful 
attention  to  the  duty  and  i«et  patterns  of  both  air  and  ground  crews.  Alr-to-air  refuelling  may  be  used 
to  transport  short  range  aircraft  many  thousands  of  miles  within  a short  period  of  time  and  such  operations 
require  long  and  Irregular  hours  of  duty  both  from  the  recal'ver  pilots  and  tanker  crews.  Toaiird  tl^  end 
of  1969  ten  lightning  aircraft  were  transferred  from  the  United  Kingdom  to  the  Far  Bast  using  the  technique 
of  alr-to-alr  refuelling.  This  paper  la  concerned  with  the  duty  and  rest  patterns  of  the  aircrew  Involved 
In  the  exercise.  Operational  aspects  have  been  Included  If  they  are  relevant  to  thlv  analysis. 

Operational  Details.  The  ezerolee,  which  was  preceded  by  about  a month  of  day  and  night  alr-to-alr 
refuelling  training,  was  scheduled  over  two  sectors  - United  Kingdom  tc  the  P'rslan  Gulf  and  the  Persian 
Gulf  to  the  Far  Bast.  The  aircraft  departed  from  the  United  Kingdom  In  ronn.itlone  of  3,  3«  2 and  2 on 
four  successive  days  and  the  refuelling  aircraft  operated  from  airfields  In  the  United  Kln^om,  Cyprus, 
Persian  Gulf  and  Indian  Ocean.  Supporting  ground  crews  were  deployed  along  the  route  and  pilots  not 
operating  the  first  sector  were  transported  to  the  Persian  Gulf  by  a Hercules  aircraft. 

The  first  sector  from  the  Utiited  Kingdom  to  the  Persian  Gulf  was  straightforward  and  with  fa'vourable 
tall  winds  the  fll^t  tlmee  averaged  6.3  hours.  The  aircraft  took  off  at  0330  hours  each  morning  to 
ensure  arrival  in  the  Persian  Gulf  before  dusk.  The  first  three  hours  of  each  sector  were  operated  in 
darkness.  Three  rrfuelllng  brackets  were  completed  and  each  formation  was  east  of  Malta  before  daylight 
broke.  There  were  no  obvious  dlfflcultl.s  with  this  plan,  but  an  unsatisfactory  sleep  pattern  preceding 
the  sector  and  alr-to-alr  refuelling  In  darkness  during  the  early  hours  were  considered  to  be  significant 
factors  In  the  Induction  of  crew  fatigue. 

Two  aircraft  were  dl.-ortad  to  Cyproa,  cne  returning  300  miles  from  Turkey  unaccompanied.  Fortunately, 
the  weather  was  clear  and  the  excellent  range  of  the  Andana  Tacan  beacon  made  this  relatively  easy.  In 
general,  radio  compaaa  bearlnga  in  ^hle  area  were  poor  and  auch  a recovery  could  have  presented  consider- 
able difficulties.  The  remaining  eight  aircraft  anived  safely  in  the  Persian  Gulf  but  It  was  clear  that, 
though  a flight  of  about  9 hourw  was  feasible,  an  instrument  approach  In  poor  weather  would  have  Imposed 
a consldarable  final  qtrsln  on  the  pilot.  Thie  le  why  daylight  landings  were  mandatory  during  this 
exercise.  A thlrty-slx  hour  rest  period  proved  eesential  to  refresh  the  pllote  for  the  next  sector. 

The  departuree  of  all  aircraft  from  the  Persian  Gulf  for  the  secmd  eector  were  '..1  schedule  at 
0330  hours  local  time.  The  first  hour  of  the  sector  was  in  darkness,  but  the  weather  was  perfect.  About 
100  nllee  northwest  of  Gan  (Indian  Ocean)  each  formation  met  severe  weather  ccndltlona  and  on  the  worst 
day  a fomatlon  of  three  aircraft  logged  over  five  hours  cloud  flying  cn  thie  eector.  These  conditions, 
together  with  an  instrument  recovery  in  poor  weather  at  the  end  of  an  eight  hour  flight,  were  found  to  be 
a most  trying  experience  for  all  pilots.  Planned  fuel  recovery  figures  were  affected  adversely  arl  in 
two  oases  pllote  landed  from  a GCA  with  limited  fnel.  Signs  of  excessive  strees  and  fatigue  were  obvious 
at  the  end  of  this  flight.  Six  diversions  occurred  during  the  sector.  Two  slrcraft  were  diverted  due  to 
a ccminmlcatlons  mlwunderstsndlng  concerning  the  weather  and  another  aircraft  beca>\se  of  a serious  fuel 
leakage.  The  unfavourable  weather  complicated  the  refuelling  plan  specially  as  far  as  the  three  wave 
formations  were  concerned. 

The  unfs'vourable  weather  during  thie  eector  and  the  prolonged  cloud  flying  led  to  pilot  disorien- 
tation far  greater  than  the  pilots  believed  possible.  Most  pilots  encountered  between  two  and  five  hours 
of  oloud  flying  and  experlenoed  the  'leans'  for  periods  of  between  ten  and  twenty  minutes.  In  some  casee 
the  symptoms  were  eevere  and  increased  the  eense  of  fatigue.  The  tankers  appear^  to  be  doing  aerobatics, 
refntlling  In  the  Inverted  position  or  flying  continuously  banhed.  Ho  loss  of  conti'ol  occtirred,  but 
toannlng  of  inatnments  had  to  be  curtailed  when  in  dense  cloud  to  avoid  losing  the  formation.  Alter- 
ations In  heading  by  the  tankers  to  avoid  the  worst  of  the  weather  did  little  to  alleviate  the  situation 
and  when  flying  unaccompanied  after  the  final  refuelling  several  Llid^tning  pllote  found  themselves  in  the 
worst  of  the  weather  before  any  diversion  could  be  made.  The  operation  led  to  overt  fatigue  aiid  could 
have  jeopardieed  aafaty  during  the  mlselon.  Most  pilots  realised  that  they  were  in  no  condition  to 
operate  for  at  least  twenty-four  hours  after  arrival  and  that  they  needed  about  forty-elgjit  hours  to 
scollmstlss  to  the  new  envlrcnment. 

Analysis  of  Sleep  ftittems  and  Workload.  Sleep  and  duty  patterns  for  all  aircrev  and  acme  ground  crew 
wars  obtalnad  frem  personal  diaries.  Schedules  of  five  Lightning  pilots,  six  crew  members  of  the  tanker 
aircraft  and  two  grwxtd  erww  were  anslyeed  In  detail.  Preceding  the  exerclae  control  sleep  patterns,  as 
far  aa  poaslbls,  uere  obtained.  The  ainlmw  amount  of  sleep  required  by  an  Individual  pilot  over  any 
three  day  period  preceding  the  exercise  waa  uaed  os  an  Indication  of  hit  mlnimia  sleep  requirements. 
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Doxlac  th*  txnelw  th*  aliera*  eontlaned  to  rooord  thoir  dutjr  poriodi  ud  to  eatlMto  tlio  dnratlaa  of 
tholr  sloop  porioda.  Total  sloop  oas  ealoulatod  ovor  throo  da^  porlodo  durlaf  ths  oaoxeioo  to  ooBpazo 
with  tho  data  dorlvod  dnrlog  tha  eontiel  porlod.  lha  workload  of  ths  alxorow  was  oalovlatad  as  oaaalati^w 
d«tr  hoars  and  rolatod  to  duration  of  thsir  indiridoal  sehsdulos.  Tho  daration  of  oaoh  sohodulo,  for 
purposos  of  calculating  cunulatiTO  dutj  hours,  was  fron  twonty-four  hoars  procodlng  tho  first  fli4d>t  to 
ths  ond  of  tho  daty  poriod  of  tho  last  flight.  In  tho  owwnt  of  a hrwak  in  flying  dnty  onoooding  throo 
dv*»  workload  part  of  tho  oaorelso  waa  analysed.  The  ostlnatsd  hoars  of  sloop  for  air 

and  ground  crow  are  giswn  lit  Table  1.  The  dnty  and  alowp  pattoms  of  tho  lightning  pilots  are  illns- 
tratod  In  Pig.  1-3  and  slallar  data  arw  proridsd  for  tho  tanker  orwws  In  Pig.  6-11  and  for  tho  two 
ground  crows  in  Pig.  12  and  13.  Aircrow  workload  during  tho  eswreias  is  givon  in  Table  2. 


Pigs.  1-3.  Duty  (hatched)  and  sloop  (black) 
periods  of  the  five  Ll^tning  pilots.  The 
horizontal  axis  covert  a twenty-four  hour 
period  around  aldnl^t.  Duty  periods  involving 
a flying  sector  are  indicated  by  departure  and 
arrival  airfields. 


• 10  n n 


V K • • » n M 


Pi(T.  10 


Pis.  11 


Pigs.  G - 11.  Duty  (hatched)  and  sleep 
(black)  periods  of  the  six  tanker  airc’^w. 
The  horizontal  axis  cuvero  a twenty-four 
hour  period  around  midnight.  Duty  periods 
involving  a flying  sector  are  indicated  by 
departure  and  arrival  airfields. 


•Ml 


ngi.  12  k 13.  Duty  (hatelMd)  and 
■Imp  (black)  period*  of  too  grooBd 
crew.  The  horisoatal  axl*  oomx*  a 
twenty- four  hour  period  arowd  nldni^t. 
Arrow*  indlcat*  transit  flints. 
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OXSCDSSIOH 

Sctwrt  dltturtMnoM  of  tla^  mt*  •xpexi«no«d  duriiw  thia  asaxela*  and  th«  unnaual  iatj  honxa  during 
tha  d^a  praoadlBg  tha  oparatlon  togathar  aith  tha  nead  for  at  aarljr  taka-off  (03X>  hoara)  lad  to  unaatia- 
faetoqr  alaap  pcaoadlng  tha  firat  aaetor.  lot  only  aaa  tha  aaoont  of  slaap  iaaadlataly  pracadiag  tha 
flrat  aaetor  raduoad,  bat  tha  pattarn  of  alaap  during  tha  thrae  dap  period  before  tha  aiaaicn  aaa  unaatia- 
faetoqr  la  aona  alreiaa.  (tea  of  tha  Lightning  pllota  (L5)  aiperlanead  a thlrtaan  hoar  flight  to  tha 
Varalan  Gulf  aa  a paaaangar  In  a Baroulaa  and  aaa  raqulrad  for  non-fljring  duty  althln  alxtaan  houra  of 
arrlaal  and  than  oparatad  a Lightning  to  tha  Par  9Mt  tao  daira  later. 

The  workload  Inrolaad  In  thla  axarclaa  (ewalatlaa  duty  houra  ralatad  to  duration  of  aehadula)  aaa 
ralatad  to  pravloua  atudlaa  on  tranaport  alreiwo  In  ahleh  duty  pattama  eonpatlbla  with  an  aoeaptabla 
alaap  pattern  had  boan  aatabllahad.  (lleholaon  1970«  1972).  An  alr-to-alr  refualllng  enerelaa  la  wary 
donating  and  eamot  ba  aquatad  with  a noraal  tranaport  operation,  taut  It  la  worthahlla  eoaparlnr  the 
workload  of  tha  Llfditnlng  aircrew  with  duty  pattema  which  are  knoan  to  ba  only  juat  aeeaptabla  for 
tranaport  alreiaw.  On  the  other  hand  It  la  eonaldatad  that  the  workload  of  tanker  erewa  can  be  aaaaaaad 
In  the  light  of  azparlanoa  with  tranapo-t  erawa. 

It  eon  be  aeen  fron  Fig.  14  that  the  calculated  workload  for  the  Lightning  and  tanker  erewa  was  eloae 
to  a workload  whloh  waa  likely  to  glwa  rlaa  to  alaap  dlffloultlao  In  tranaport  alreraw  atudlad  prwrloualy. 
In  the  eaoa  of  the  Lightning  pllota  the  atnlmai  duration  of  the  ezcrelae  (fron  United  Klngdon  take-off 
to  Far  Eaat  toneh-doun)  waa  2.3  daya.  Mlota  flying  the  two  aeetora  within  2,\  doga  ware  not  required 
to  act  aa  a raaaraa  to  tha  other  fomatlona.  n>e  duration  of  tha  other  aehedt.es  ware  longer  due  to 
additional  duty  periods  or  dlwerslona  (over  alz  In  one  pilot)  and  the  sorkload  tended  to  ba  nalntalnad 
at  a high  level.  Studies  on  long  haul  aircrew  have  sheen  th.it  sorkload  needs  to  be  reduoed  tn  a schedule 
progzassaa  and  thla  would  be  particularly  Inpertant  If  It  eas  essential  to  naintaln  the  sell-being  and 
operational  effectlvaneaa  of  the  aircrew  beyond  the  end  of  the  refuelling  eaerclse. 


Accunulalea  Duly  Hears 
«r 


Fig.  14.  Workload  of  Lightning  pilots  and 
tanker  crews  superlnpooad  on  a graph  relating 
workload  nnd  an  aoceptable  sleep  pattern  for 
tranaport  aircrew.  The  lower  line  Indicates 
workl.'>ad  which  la  likely  to  be  ooapatlble  with 
an  aoceptable  sleep  pattern.  The  upper  line 
Inilcatas  the  aaxlnia  sorkload  ohlch  aay  ba 
eonpatlbla  with  an  acceptable  sleep  pattern 
for  transport  aircrew,  (lleholaon  1972}. 

The  workload  Involved  In  two  double  crew 
eon' Inuoua  flying  operations  are  platted  aa 
ti.  .angles  (Atkinson,  Borland  and  Richolscn. 
1970). 
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Tki  total  teratioi  of  tho  oohotelM  of  oooh  tankor  crow  oort  oliillar  (aronod  ten  div*)t  though  the 
votkload  oaa  e«no«it(atod  oithla  a four  dagr  period.  Analysis  of  the  duty  periods  of  the  six  tanker  air- 
ores  snatestsd  that  the  saikload  would  haws  been  ineenpatible  with  an  acceptable  sleep  patteai  in  two 
orssa  (VI  and  T9)  and  that  diffioultiee  would  have  been  expected  in  three  other  occws  (V2,  V3  and  V4). 
Theae  pradiotieuu  were  largely  bonw  out  by  the  slsep  patterns  of  the  orewe  (Fig.  16).  Satisfaoto^ 
sleep  pattonw  were  observed  in  V)  and  tut  in  the  renalning  four  eiwws  at  least  sane  diffioultiee 
were  experienoed. 

The  transit  flight  in  the  Btroules  had  an  adwerse  effect  on  sleep  patterns  (figs.  12  and  I3).  (toe 
of  the  groenil  ores  nenaged  to  tecower  an  eneollent  sleep  pattemy  but  the  other  rsnainod  in  difficulties 
throughout  the  rest  of  the  exereiae  (Vig.  17) • 


rig.  16.  latlaated  sleep  galn/loae  for 
the  six  tanker  airorew  during  the  nlssion. 
Arrose  indicate  flying  duty. 


rig.  17.  Satlnated  sleep  gain/lose  for 
the  two  ground  crew  during  the  nlssion. 
The  arrow  labelled  T Indicates  a tranalt 
flight. 
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CONCLTISiailS 

This  study  has  explored  the  relationship  between  workload  and  sleep  patterns  during  a long  range  air- 
to-air  refuelling  exercise  and  has  shown  that  In  practice  disturbances  of  sleep  pattern  could  be  pr'idloted 
from  a study  of  anticipated  individual  workload.  Slsturbanoes  may  affeot  adversely  the  well-being  aud 
operational  effectiveness  of  aircrew  and  contribute  to  fatigue  which  is  likely  to  be.  In  aqy  case,  a 
potential  factor  In  this  sort  of  exercise.  It  Is  considered,  thr-refore,  that  careful  'attention  to  wordc- 
load  Is  necessary  to  ensure  that  aircrew  are  not  unnecessarily  fatigued  and  that  particular  attention 
should  be  paid  to  the  relationship  between  cumulative  woricload  and  the  duration  of  the  Individual’s 
schedule. 

Studies  on  long  range  transport  aircrew  have  shown  that  unusual  patterns  of  work  and  rest  have  an 
effect  on  the  ability  of  aircrew  to  obtain  satisfactory  sleep  and  It  Is  suggested  that  the  relationship 
between  cumulative  workload  and  duration  of  schedules  for  long  range  transport  aircrew,  which  Is  known 
to  be  just  compatible  with  an  acceptable  sleep  pattern  (Nicholson  1972),  could  be  used,  initially,  as  a 
model  for  hcth  tanker  crews  and  filter  pilots.  It  Is  appreciated  that  the  workload  demanded  of  Ligditning 
pilots  differs  greatly  from  that  of  long  range  transport  aircrew,  but  It  can  hardly  be  expected  that 
operational  effectiveness  can  be  uaintained  If  workload  In  exoess  of  that  which  would  be  tolerated  for 
transport  aircrew  Is  demanded. 

Studies  could  be  carried  out  on  aircrew  Involved  In  particular  exercises  to  detennine  the  nature  and 
significance  of  unusual  duty  patterns.  Such  studies  could  assist  In  the  planning  of  operations  and  may 
help  commanders  to  predlot  the  overall  well-being  and  operational  effectiveness  of  their  crews  at  any 
time  during  a complex  operation. 

ACKNONLEDGQiaiTS 

<0e  are  Indebted  to  Group  Captain  G.P.  Black  for  access  to  his  report  on  the  exercise. 

HEPEHmCES 

1.  ATKINSON,  D.’,7.,  BOHLANL,  R.C.  1 NICH0I50N,  A.N. 

Double  crew  continuous  flying  operatlonsi  a study  of  aircrew  sleep  patterns. 

Aerospace  Medicine  1970,  41«  -121  - 1126. 

2.  NICHOtSON,  A.N. 

Sleep  patterns  of  an  airline  pilot  operating  world  wide  East-West  routes. 

Aerospace  Medicine  1970,  4i»  ^26  - 632. 

3.  NICHOISON,  A.N. 

Duty  hours  and  sleep  patterns  In  aircrew  operating  world  wide  routes. 

Aerospace  Medicine  1972,  138 • 


A17-I 


HIGH  VOHKLOAS  TASKS  OK  AIHCBEV  DT  THE 
TACTICAL  STRIKE,  ATTACK  AHS  RECOXHAISSAHCE  BOLES 


Ly 

F.  ter  HtmIc,  L^eateoant  Colonel,  SKLAF 
SHAPE,  Belgium 


1.  The  title  of  ay  paper  oovere  the  hi^  workload  tasks  of  aircrew  performing  three 
distinot  tactical  roles,  namely  the  strike,  the  attack  and  the  reconnaissance  roles.  In  'vhe 
ooorse  of  my  presentation  I will  cover  the  total  mission,  which  is  from  the  time  the  pilot 
receives  his  orders  until  the  debriefing  following  the  flight  has  been  completed.  At  the  same 
time  I will  also  point  out  the  differences  between  each  role,  as  related  to  workload,  so  that  a 
fairly  realistic  comparison  can  be  made  as  to  the  workload  of  each  category. 

2.  I would  like  to  point  out  that  the  task  description  is  based  on  the  pilot  flying  a 
■ingle-seater  airplane.  At  the  end  of  my  presentation,  however,  I will  include  seme  thoughts  on 
the  difference  in  workload  between  pilots  flying  single-seater  aircraft  and  aircrew  manning  a 
two-seater,  such  as  the  Buccaneer  cr  the  F-4« 

Before  going  through  the  missions  step  by  step,  allow  me  to  give  a general  description 
of  eaoh  category. 

a.  Strike.  The  word  "strike”  in  NATO  terminology  is  usually  connected  with  nuclear 
mlaalons}  in  ether  werds,  a strike  pllct  is  trained  to  deliver  one  of  mankind's  most  lethal 
weapons.  The  taotloal  strike  pilot  is  a lone  operator;  from  take-off  onwards,  he  alone  is 
responsible  for  the  proper  execution  of  his  aiission.  His  standard  of  training  and  his  experience 
must  therefere  be  cf  a very  high  quality.  A pilot  selected  to  become  a member  of  a strike  squadron 
will  normally  have  served  several  years  in  a filter  squadron  executing  a different  mission.  As 

a seoondnry  task,  a strike  pilot  must  also  be  able  to  deliver  conventional  weaponry. 

b.  Attack.  An  attack  pllct  is  trained  to  deliver  eonventa.onal  weapons,  such  as  rockets 
or  bombs  on  a variety  of  targets.  They  range  from  airfields  or  radar  stations  to  tank  columns  or 
dug-ln  infantry.  The  attack  pllct  normally  operates  in  a formation  of  four  or  more  aircraft.  The 
proper  execution  of  his  mission  does  not  only  depend  upon  his  skill  in  weapon  delivery  but  also  on 
the  teamwork  attained  in  the  formation  of  which  he  forms  a part  and  on  the  tactics  used.  He  will 
be  trained  to  perform  visual  reconnaissance  missions  and  mist  also  be  able  to  execute  limited  air 
defense  tasks,  using  guns  or  cannon. 

0.  Heoonnaissanoe . The  reconnaissance  pilot  is  often  described  as  the  eyes  of  the  air 
and  the  ground  oommanders.  Flying  an  aircraft,  equipped  with  several  types  of  cameras,  tape 
recorders  and  so  on,  he  is  tasked  to  reconnoitre  two  or  three  targets  and  bring  back  an  exact 
description  of  his  targets,  backed  up  and  completed  by  sets  of  photographic  prints.  Wnen  making 
a rsoonnalssanoe  of  army  targets,  ho  must  give  an  inflight  briefing  to  the  in-flight  reporting 
post,  normally  collocated  with  the  army  commander,  so  that  the  required  information  is  available 
in  the  shortest  possible  time.  He,  like  the  strike  pilot,  is  a lone  operator  flying  an  aircraft 
normally  carrying  no  defense  weapons. 

4.  Let  us  now  look  in  detail  at  the  tasks  to  be  performed  by  each  category. 

a. 

(1)  Int^jll;Lfynop  Brleffnf.  Strike:  Target  briefing  and  sCady.  Enemy  air  order  of 

'jattle.  IFF-SIF.  Ball-out  security.  Escape  and  evasiom.  Constraints  policy.  Attack:  Target 
briefing  and  study.  Enemy  air  order  of  battle.  IFF-SIF.  Bail-out  security.  Escape  and  evasion. 
Reconnaissance:  Target  briefing  and  study.  Bequired  data.  Enemy  air  order  of  battle.  IFF-SIF. 

Bail-out  security.  Escape  and  evasion. 

(2)  Oueratioins  Strike:  Required  flight  profile.  Recall  procedores. 

Radio  prooedurea.  Diversion  procedures.  Joining  instructions.  Actions  after  landing.  Attack: 
Required  fli^t  profile.  Number  of  aircraft.  Radio  procedures.  Recall  procedures.  Type  of 
formation.  Tactics  enroute.  Defense  penetration.  Target  selection.  Weapons  carried.  Tactics 
in  target  area.  Diversion  procedures.  Joining  instructions.  Actions  after  landing.  Recoxmals- 
sanoa:  Required  flight  prof'le.  Recall  procedures.  Radio  procedures.  L./  ersion  procedures. 

Joining  Instructions.  Aotions  after  landing. 

(3)  CLP  Briefina.  Strike:  Position  own  troops.  In-flight  reporting.  Own  AA  and 

SAM  poaitJlona.  Attaok:  Position  own  troops.  Target  info  (for  direct  support  and  recce  sorties). 

In-flight  reporting.  Own  AA  and  SAN  defenses.  Reooniwissanoe:  Position  own  troops.  Target  info 

(for  army  targets).  In-fli^t  raporting.  Own  AA  and  SAM  defenses,, 

(4)  Weapons  and  ECM  Brlefina.  Strike:  Weapon  settings  and  checks.  ECM  procedures. 

Attaok:  Weapon  settings  and  checks.  ECM  procedures.  Reconnaissance:  Camera  setting^.  ECM 

procedures. 
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(5)  FXlriit  Plmnliuc.  Strlket  Bun-in  plot.  Map  preparation.  Extensive  weapon 
release  oomputing.  Badar  plotting  and  Interpretation.  Attaok:  Map  preparation.  Badar  plotting 

and  interpretation.  Beoonnaiasanoe t Map  preparation.  Badar  plotting  and  interpretation. 

^ (6)  Tlae  Available.  Strlket  - 3 hours.  Attaok:  - 1 hour.  Beoonnalssanoe t 

- 1 hour. 

h. 

(1)  Base  to  Target  Area.  Strike:  Take-off  and  leaving  prooedurea.  Map  reading. 

Badar  Interpretation.  Flljiit  plan  adjuataents.  ECM  oheoks.  Inatruaent  oheoka.  Look-out  and 
radar  scan.  Attaok:  Take-off  and  leaving  prooedurea.  Map  reading.  Badar  interpretation.  Flljiit 

plan  adjuataents.  ECM  oheoka.  Inatruaent  oheoka.  Foraatlon  keeping.  Look-out  and  radar  soan. 
Beoonnaiasanoe:  Take-off  and  leaving  prooedurea.  Map  reading.  Badar  interpretation.  Flight 

plan  adjuataents.  ECM  oheoks.  Inatruaent  oheoka.  Look-ovc  and  radar  scan. 

(2)  Target  Area.  Strike:  Bun  in.  Weapon  settings.  Hljdily  aoourate  navigation. 
Execute  attaok  aaneuver.  Highly  accurate  flying.  Eacape  aaneuver.  Attaok:  Bun  in.  Weapon 
settings.  Highly  accurate  navigation.  Pull-up.  Target  recognition  and  selection.  Attack. 

Escape  aaneuver.  Reconnaissance:  Bun  in.  Camera  settings.  Hl^ly  accurate  navigation. 

(3)  Betum  FliAt.  Strike:  Map  reading.  In-flight  reporting.  Olverslon  prooedurea. 

Joining  and  landing.  Attack:  Map  reading.  Visual  recce  sortie.  In-flight  reporting.  Diversion 

procedures.  Joining  and  landing.  Beconnaiasanoe:  Map  reading.  In-fll|ht  reporting.  Diversion 

procedures.  Joining  and  landing. 

(4)  Tifl»  Available.  Strike:  - 1 hour  20  minutes.  Attaok:  - 1 hour  20  minutes.. 

Becoimalssanoe:  - 1 hour  20  minutes. 

c.  After  Flight  Period. 

(1)  Debriefing.  Strike:  Intelligence*  GLO.  OPS.  Attack:  Intelligence.  CLO. 

OPS.  Heconnalssance:  Intelligence.  GLO.  OPS. 

^ (2)  Time  Available.  Strike:  - 30  minutes.  Attack:  t 30  minutes.  Beconnalsaance: 

- 40  minutes. 

^ d.  Total  Time  Available.  Strike:  - 5 hours.  Attaok:  - 3 hours.  Beooiaaiasance: 

- 3 hours. 

3.  Now  let  us  consider  how  to  translate  the  previous  tasks  descriptions  into  workload. 

Total  workload  of  a tactical  pilot  is  built  up  out  of  three  faotors*  the  phyaioal*  the  mental  and 
last,  but  by  no  means  least,  the  psychological  one. 

a.  Physical.  At  first  glance  the  direct  ^:ysical  factor  does  not  seem  overly  large. 

Flight  preparation,  consisting  of  briefings  and  fli(d>t  plaimiixg,  takes  from  approximately  1 hour 
for  attack  and  reconnaissance  pilots  to  3 hours  for  a strike  pilot.  This  should  pose  no  problems 
for  a fit  man.  A flight  time  of  say  hours,  the  average  duration  of  a taotioal  mission,  may 
also  not  impress  for  instance  a transport  pilot  used  to  flying  trips  of  6 hours  or  more.  In  the 
case  of  a tactical  pilot,  however,  several  aubfaotora  lead  to  a high  Increase  of  the  physical 
factor.  In  many  cases  a taotical  mission  is  carried  out  at  a very  low  level.  Altitudes  betwewi 
100  and  300  feet  over  various  types  of  terrain  with  speeds  rangiixg  from  400  to  6OO  knots  are  normal. 
The  terrain  avoidance  action  will- constantly  have  to  be  taken  at  these  altitudes  and  speeds,  serious 
buffeting  will  often  be  experle:'ced  resulting  in  G-forces  from  minus  two  to  plus  two.  Maneuvering 
in  the  target  area  may  require  U-forces  of  up  to  6-C.  To  maintain  the  required  formation  keeps 

the  attack  pilot  normally  fully  occupied.  Added  to  this  the  physical  effort  required  to  perform 
defensive  maneuvjrs  in  case  of  filters,  it  must  be  clear  that  the  physical  factor  in  toto  la  not 
as  small  as  at  first  glance  it  seemed  to  be. 

b.  Mental . The  mental  effort  required  to  perform  a tactical  mission  forma  a large  part 
of  the  total  workload.  The  briefings  and  flight  preparation,  as  described  in  paragraph  4,  require 
from  1 to  3 hours  of  highly  concentrated  work.  During  fli^t  the  mental  effort  required  to  perform 
the  low-level  navigation  and  to  readjust  prepared  flight  plans  because  of  unsuspected  weather 
deterioration,  technical  problems,  and/or  eneaty  action  will  demand  a very  hi^  mental  oapablllty. 

o.  Psychological.  The  psyohologlcal  factor  as  it  relates  to  the  total  woricload  la  of 
course  difficult  to  measure  as  it  varies  from  person  to  person  and  also  from  day  to  day.  The 
Influence  this  factor  has  on  the  total  workload  depends  on  many  things  such  as  standard  of  training 
and  total  experience,  physical  condition,  personal  problems  and  many  others.  Whatever  the  situation 
may  be  the  psychological  factor  has  a direct  influence  on  the  output  the  pilot  or  aircrew  member 
can  produce  and  therefore  on  the  total  workload. 

6.  . In  the  past  minutes  I described  the  multitude  of  tasks  the  taotioal  pilot  la 

required  to  perform  in  the  course  of  his  mission.  From  the  total  time  available  to  for  instance 
an  attaok  pilot,  it  must  be  clear  that  many  of  the  actions  described  have  become  more  of  a routine 
matter  thanks  to  the  trainiiig  received.  Tlw  more  intensive  the  training  and  consequently  the 
higher  the  proficiency  standard,  the  more  influence  this  has  on  the  total  workload.  Whether  this 
training  is  executed  by  the  actual  execution  of  simulated  wartime  mlaalona  or  by  simulation  la  a 
matter  which  will  be  dlsouased  at  a later  stage  of  this  meeting  and  I will  therefore  refrain  from 
discussing  this  at  the  present. 
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?•  Crw.  Ai  stated  at  the  baglimins  of  ay  prssentation,  I would  now  like  to  offsr 

a few  thongiits  on  workload  for  twoHMn  orew.  At  a first  glaaoe,  one  oould  draw  the  oonelusion 
1 that  as  two  qualifisd  aen  are  arailable  to  oarry  out  the  tasks  dssoribed  ths  workload  par  orewasn 

I if  not  halved  is  Best  oartainly  raduoad  by  a fairly  hig^  factor.  This  howersr  is  far  froa  the 

I truth.  The  physical  factor  is  not  raduoad  as  eaoh  orewaan  parforas  his  task  under  ths  ssaa 

oirouastanoes  as  a singls  pilot.  Usually,  howsTer,  this  factor  is  soaswhat  hic^er  bsoausa  the 
I alssions  aoooaplishad  by  a two-seater  orew  are  often  aora  ooaplaz  requiring  grsatsr  physical  effort. 

! The  saae  arguaent  oovars  the  aental  factor.  Thirdly,  the  need  for  orew  coordination  during  the 

aission  is  a task  in  itself  keeping  workload  hic^.  And  fourth,  the  psyohologioal  factor  which  is 
equivalent  in  both  oases.  In  closing,  I believe  I aa  rid^t  in  saying  that  in  general  we  cannot 
speak  of  an  appreciable  diffaranoa  in  workload  between  the  two  categories. 
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OISCUSSIOM 

I would  like  to  edd  to  the  presentetlon  e couple  of  itors  stresses  idileh  we 
heve  found  to  be  pertleulerlv  laportent.  The  first  one  Is  thet  of  extended 
alaalene  of  up  to  6 hours  which  Involve  2-3  hours  of  elr-to-elr  refuelling 
end  tt.e  second  la  the  difficulty  of  comnlcetlons  over  tactical  crowded 
fraquenelea. 

Tea.  I quite  agree  with  you  but  I wee  unable  to  deal  with  these  particular 
probleas  In  ay  presentation. 

i 

In  dealing  with  the  problea  of  single  end  doubts  crew  aircraft  I would  like  to  i 

link  this  to  the  question  which  you  raised  about  creating  en  optlan  perforaance 
under  the  very  high  workload  of  the  eequlsltloe  end  delivery  phase.  Is  It 
possible  thet  a two  aen  systea  could  provide  e better  perforaance  during  the 
very  high  workload  situation  of  the  acquisition  end  dellveryT 

I think  thet  s two  seeter  aircraft  would  definitely  be  en  laproveaent  In  the 
total  perforaance.  The  workload  Is  not  lower  for  each  aan,  but  the  perforaance 
could  well  be  laproved.  The  wore  coaplex  aleslene  newadeye  take  e lot  out  of 
you.  Tou  cannot  fly  aore  then  one  aleelon  e day.  Possibly  with  e two  aen  crew 
we  could  Increase  the  nuaber  of  aleslene  to  one  end  e half  e day. 

Froa  the  standpoint  of  research  end  looking  to  the  cost  effectiveness  of  an 
elr  force  I have  no  Indication  thet  e two  eeater  aircraft  Is  aore  cost 
effective  than  e single  seeter.  I would  like  to  question  our  U.S.  colleagues. 

Do  they  heve  Inforaatlon  thet  e two  seeter  aircraft  Is  aore  effective? 

I 

I 

It  eeeas  to  ae  thet  the  A7  Is  lust  as  effective  ee  the  F4  If  It  Is  en  attack 
aleelon,  but  In  aeny  Instances  there  Is  equlpaent  aboard  the  F4  thet  the  A7 
could  not  carry,  such  as  laser  designators.  So  there  ers  alssions  idilch  the 
A7  la  not  equipped  to  fly.  It  depends  on  the  sdeslon  end  the  equlpaent  eboerd 
the  aircraft.  I would  agree  thet  with  e two  seeter  aircraft  you  could  perhaps 
extend  the  alsslon  and  the  roles  of  tne  aircraft. 


i 

i 
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I 


A18-I 


m Ant  DBTDice  mu 

King  CoMMitdar  J.  lutehlnaon  BAF 
Royal  Air  Forea  ifiobrook 
LlRcelo 

Uttltad  Kingdoai 


Introductleii 


In  eonaldarlng  tha  workload  Involvad  In  cha  air  dafanea  rola.  It  la  laportant  to  ba  claar  at  to  tha 
dlaanalona  of  tha  aubjact.  On  tha  ona  hand,  any  air  dafanca  altuatlon  will  poaa  a problaa  which  can  ba 
daflnad  In  abaoluta  natkiaawtlcal  taraa,  and  whoaa  aolwtlon  laipllaa  a cartaln  dagraa  of  effort  froai  tha 
dafandlng  pilot  or  croK  ualng  given  aqulpaant.  lowavar,  tha  eaaanca  of  air  dafanca  la  that  tha  Introdar 
will  nanally  aat  abont  aaklng  tha  dafandar'a  taak  aa  difficult  aa  poaalble,  tha  tactlca  ha  adopta.  In 
addition  to  aiAklttg  tha  p<roblew  leaa  tractable,  nay  alao  reduce,  through  atreaa.  fatigue,  faar  or  aavaral 
■ora  factora,  acting  alngly  or  In  coacart,  tha  ability  of  tha  air  dafanca  craw  to  aolva  tha  probles.  Tha 
warcalwad  workload  facing  tha  crawihoaa  ability  la  thun  Inpalrad  nay  prove  to  ba  beyond  their  capability, 
even  though  In  abaoluta  tarae  the  probles  la  not  ovendialalng. 

Ny  apeclallaatlon  la  tha  air  dafanca  of  tha  United  Klngdoa,  end  any  axanplaa  I clta  will  be  baaad 
upon  operatlona  conducted  In  that  rola.  I aiat  alao  be  careful  to  define  'Air  dafanca*  aa  tha  finding, 
and  ahoetlng  down  of  airborne  enaay  Intrudera  ualng  ■nnned  Intarcaptora.  Sone  would  clala  that  tha  air 
dafanca  rola  Inelwdaa  all  neana  ua^  to  radoca  an  anaaqr'a  offanaiva  air  capability,  but  wa  ara  coneemad 
hare  aolaly  with  tha  dlfflcultlaa  aaparlencad  by  defending  air  crawa. 

In  tha  peat*nnelear-trlpwlre  aga,  air  dafanca  covera  an  anomoua  apan  of  poaalbllltlaa,  agnlnat  all 
of  nhleh  the  dafandlng  crew  haa  to  Maintain  a capability,  becauaa  It  la  tha  aneny  who  dacldaa  tha  tactlca. 
In  tha  Royal  Air  Forea  wa  train  our  pllota  to  operate  round  tha  clock  In  dafanca  of  tha  United  Klngdoa; 

In  dafanca  of  Madltarranaan  and  Central  luropean  baaaa,  and  la  dafanca  of  tha  flaat  at  aaa;  and  for  all 
thane  rolaa  wa  train  agalnat  all  poaalbla  threata  tram  nuperaonle  alr*launchad  wlnallan  at  high  level, 
through  high  aubaonle  boMar  panatratlona  at  lew  level,  to  air  eewhat  aanoeuvrlng  agalnnt  flghtar>type 
aircraft.  Thla  range  of  poaalbllltlaa  Ineludaa  haad-on,  bean  and  raar  attackn  with  ■laallaa,  gnna  or 
both,  praaaad  hone  althar  aa«l*autonctleally  ualng  alaetrenleallyeeaputad  atearlng  Infemntlen,  or 
vl  anally. 

Definition  of  Uorkload 


Tha  total  load  on  tha  crew  operating  in  thla  rola  la  tha  non  of  naveral  different  pranauraa  - phyaleal, 
■antal  and  aantlenal  being  tha  tnat  obvloua.  Unfortunately,  In  air  dafanca  tha  aneny  by  daflnltlon  holda 
the  Initiative,  end  can  build  up  praaaura  on  tha  craw  In  any  or  all  of  thaaa  araaa,  eonealvably  without 
firing  a ahot.  Fhyaleal  or  phyalologleal  praaaura  la  a product  of  tha  erew'a  working  anvlrennent  liA 
aqulpnant.  Air  dafanca  aircraft  ara  nemally  daalgnad  to  achieve  a perfomanea  advantage,  and  a price  haa 
to  be  paid  for  thla.  Rataa  of  changa  of  height  achieved  ara  very  large,  SO  - 60,U00  fact  per  nlnuta  not 
being  uneonmn  for  abort  perloda.  Moat  nodem  flghtara  have  tha  thrwat,  at  any  rata  at  loo  laval,  to 
auataln  very  high  g loadlaga  Indefinitely,  and  thay  can  uaually  approach  \0  linear  acceleration  In  laval 
flight.  Altitude  changea  ara  large,  freguent  and  very  faat,  and,  particularly  whan  combined  with  rapid 
apead  changua,  thay  place  conaldarabla  atraln  on  tha  erew’a  aenaory  nachanlana. 

Alao  In  purault  of  perfomanea,  eockplta  can  be  vary  anall,  raaultlng  In  craaiped  condltlona,  with 
Inatrmant  praaentatlona  nlnlaturlaed  to  tha  point  Whara  Intarpratatlon  regulraa  nuch  effort.  If  thay  can 
be  aaen  at  all.  Tha  view  from  tha  driving  aeat  can  alao  be  aeverely  reatrlcted,  waking  for  nora  phyaleal 
effort  to  maintain  good  lookout.  And  laatly,  I have  never  flown  an  aircraft  In  which  It  wna  alwnya 
poaalbla  to  achlave  a eonfortabla  tenperature  throughout  without  excaaa  nolaa  and  coHaotlon.  All  thla 
adda  up  to  an  appreclabla  phyaleal  atraln  on  Cha  crew,  before  a alngla  ahot  haa  been  flrad,  and  It 
undoubtedly  nakaa  for  a hl|^  dagraa  of  fatigue. 

Than  thara  la  tha  praaaura  of  tha  eantlona.  Fatigue  la  tha  cemonaat,  and  moat  annarvatlng,  but 
every  air  dafanca  pilot  knewa  tha  debilitating  affecta  of  hunger,  pain  (uaually  from  tha  bladder,  or  the 
aaat,  but  occaalonally  from  cold  faat,  hoc  feet,  cold  handa  or  jarrad  albewa)  and  apprahanalon  or  even 
fear.  Dlaorlantatlon,  though  phyalologleal  In  origin,  la  a very  offactlve  trigger  for  the  naln  and 
atandby  adrenalin  punpa  and  la  noat  cannon  on  dark  nl^ta  at  low  laval  and  high  apeed.  Tha  art  of  naatar* 
Ing  thaaa  forcaa  la  a part  of  tha  training  of  every  air  dafanca  crow,  for  cha  better  thay  can  overcona 
than,  tha  nora  of  thalr  total  Intalllgenea  they  can  devote  to  cha  aulutlon  of  tha  Intareaptlon  problens 
thay  face  - tha  nantal  praaaura. 

Tha  Mental  Praaaura 


Air  dafanca  aa  wa  ara  eonaldarlng  It  conalata  of  aaaklng  out  Che  eneny  In  the  air  and  daatroylng  hln. 
Bafora  thla  and  can  be  achieved,  a good  nany  llhka  In  a dallcata  chain  have  to  be  conplated.  Flrat,  tha 
dafandera  have  to  baeowa  anara  of  tha  enany’a  praaanea  and  divine  hla  Intentlona.  Than  tha  defending 
pilot  haa  to  get  airborne  hlnaalf;  next  ha  haa  to  navigate  to  cha  vicinity  of  cha  enemy  and  nAa  contact 
with  hln  ualng  hln  own  aanaorn.  Then  he  haa  to  nanoouvre  Into  a firing  poaltlon,  and  finally,  he  haa  to 
aalact  a weapon  and  dlacharga  It  from  a poaltlon  from  which  It  will  dnatroy  the  aneny.  If  I tall  you  that, 
for  the  pilot  defending  tha  UK,  the  irtiola  of  chat  aeguancy  can  taka  place  SO  nllaa  from  hla  beae,  at  ai^r* 
aonlc  apeed  In  the  atratoaphara,  within  IS  nlnotaa  of  hla  being  faat  aalaap  In  bed  you  will  have  aone  Idea 
of  tha  problem  ha  facaa. 

In  theory,  tha  problem  ylalda  to  nathenatlcal  aoluClona.  The  ground  atatlon  plcka  up  tha  eneny  and 
a conputar  calcwlataa  hla  couraa  and  apead  and  acraWblna  n welting  flghcar  townrda  tha  conputad  point  of 
Intarceptlon.  Knowing  the  fighter 'a  perfomanea,  tha  conputar  can  tall  the  pilot  exactly  how  to  navigate 


Al^2 


antll  Im  ^Icka  up  the  l«tni4«r  <m  hla  own  aMaer*.  lavtag  loekad  hla  rater  to  tba  latrater,  tka  (linear 
allot  cam  ba  araaanto4  with  ataarlag  lafaraatlea  to  aaaeaaTra  hl»  loco  a (Irlog  poalCloa,  eaagatad  froa 
tka  accuratoly  ■aaaura4  aaglaa  aad  rcogaa  aagglla^  ky  kla  ova  rater.  All  ka  kaa  to  Ao  la  ta  laaaek  a 
vaagoo  teao  tka  caagutor  talla  kiai  to. 

■evovar.  all  ekla  tkaory  eollagaaa  kafora  tkraa  oatartoaaco  (acta,  flratly  tka  aaaay  aay  aaeeoaa> 
folly  avolA  aarly  tetoctloo  by  frlaodly  aaaaora;  aaeoaAly  having  boaa  tetaetaA  ba  oay  tkka  ataga  to 
reotoao  tho  aaaaora  telch  ara  traeklng  hla,  aoA  thlrAly  ho  aay  aaak  ky  aaaaauvrlag  Co  eaagllaata  tho 
Aofanter'a  groklaa  la  attaagtlag  to  ahoo:  hla  teaa.  la  accaatelte  to  aolva  aa  laboreagtlon  agaatlon  la 
ahleh  ovary  ono  of  tka  varlablaa  la  ehaaglng  roglAly.  tka  glloc'a  aanCal  eagaelCy,  ahleh  la  tka  only 
altamatloa  to  nathaaatleal  eaagotatlon  ahleh  allova  gaalltatloa  JaAgaaMta,  la  taaoA  to  the  fall,  far 
one  thing,  by  telaylng  hla  Alaeovary  until  tba  lataat  goaalhla  aaaaat.  the  aaaay  eaagraaaaa  the  roaalcaat 
atalk  aoA  Intareagtlon  Into  alalaa  tlaa.  agaaAlag  og  tka  rata  at  ahleh  tka  tefaater  aaat  aatfc;  aaA  for 
aaothor.  by  groAoclag  falaa  alaetroaagnatle  aavaa  to  eoagaca  with  tka  ganalae  eaaa  InltlataA  by  tba 
AafonAor.  la  can  can  an  tka  letter  to  have  to  baaa  aoaa  flaely  balaaeaA  Aaelaloaa  agon  a akally  aahj«.«tlva 
walgktlag  of  the  garealvnA  arlAaaea. 

ConalAar  the  coagonanta  la  the  total  aklll  of  tka  air  Aafeaea  erav.  flratly,  they  have  to  gat  air* 
boraa.  If  aaralag  la  avallabla  aarly  aaough.  tkay  will  ba  wall  brlefaA  before  tb^  go,  aaaally  ky  aeaare 
awana,  that  la  Choir  firm  baaallaa.  If  warning  la  AaaloA  or  aay  ba  AaaloA,  they  will  go  on  aa  aatlaata, 
to  alt  aatrlAa  tka  aaaay' a aoat  llkaly  llna  of  aggroaah.  la  althar  caaa,  they  aaat  ba  grigaroA  for  Jaat 
about  anything,  baeauaa  they  can  only  react  to  avoaca.  Oaea  atrbaraa,  tkay  am  aaClmly  AagaaAaat  on  tho 
grogagntlon  of  alaetroaagnatle  wama  for  further  inacrwctloaa  aaA  for  early  tetaetlaa  (the  only  altomatlvo, 
the  huaan  ayaball . la  vary  raatrletoA  la  raaga  laAaoA).  Tkay  earry  aovaml  aaaaora,  bath  aetlva  aaA  gaaalva, 
onA  If  they  hoga  to  aehlava  aurgrlaa  they  will  Initially  mly  only  aa  tho  gaaalva  eaaa,  ghfortnaataly, 
none  of  the  gaaalva  aonao*  la  able  to  Alatlngulak  trlate  frm  foa,  aaA  the  oaa^r.  If  ha  JaAgaa  It  taatl* 
tally  aooaA,  will  cry  to  fill  thaw  with  folao  laforoatlea,  agurlaaa  aaA  Ineorraet  raAlo  laatrwetloaa  being 
ono  obvloua  axangla.  If  tka  eraw  kaa  to  awlteh  to  aetlva  aaaaora.  tka  aaaay  will  ba  ante  awam  of  lea 
gmaoaca  aaA  any  attangt  to  lock  on  will  algnlfy  to  the  laaay  Chat  ho  kaa  baaa  AataetaA  elaarlng  kin  to 
trannalt  hla  full  range  of  alaecronle  AaeogCloa  naaauma. 

On  the  way  to  tka  target  area  the  eraw  will  navlgata  althar  by  laortlol  naaaa  or  on  laatrwetloaa 
froo  the  grounA  eontrollar.  If  aaltkar  of  theao  la  avallabla  tka  only  naaaa  la  AoaA  taekoalag.  olAaA  ky 
aircraft  rater  whan  golatlng  at,  aaA  within  range  of  tho  eoaat,  which  la  tka  eaaa  of  tho  Ok  la  away  frow 
tka  onawy.  frow  now  on,  AaaA  raekoalng  wavlgatloa  kaa  to  ba  alavatoA  to  tka  laval  of  a groelaa  aelawea. 

An  arror  of  20  wllaa  built  ug  ovar  an  hour,  which  la  about  5X  of  Alataaea  cravolloA,  eowlA  waka  tka 
Alffaraaea  batwaan  gatclag  kowa  on  wlnlanw  norwal  fuel  aaA  running  oat  • aaA  la  the  IK  all  fl|fitor  boaoa 
ara  eloaa  to  the  eoaat.  oo  thara  arc  no  Arog*ahort  altomacivoa. 

Onea  on  autlon,  the  eraw  of  a OK  air  Aafoweo  alrcmft  kaa  tka  further  aavtgatlaa  groblaw  of  ln*fll|fit 
rofMlllng.  Many  air  Aafoaeo  nlaalona  mly  on  thia  eachalaua.  whleh  rogwlma  ftrat  that  they  flnA  the 
caOkar.  lam  tka  gmbloa  la  throo*Alnaaalowal:  It  la  aaeoaaary  to  loam  atatlon  with  oaougli  fuel  to  madi 
the  tankar'a  aaaunoA  goaltlon.  aaA  to  orrlm  thorn  with  aaow|b  to  go  hewe  If  the  taakar  la  not  them  or 
uaablo  to  awggly.  Neat  air  Aafanea  rafualllag  nlaalona  am  cawAwatoA  la  raAlo  allaneo.  ao  the  eraw  can 
Araw  only  on  ita  own  cuaalag  aaA  oagorlanco  to  flnA  the  taakar  althar  afmr  aa  Intoreogcloa  or  frow  a 
gatml  llna.  Thorn  la  ona  further  eowgllcatlng  factor  In  thla  aauatlon;  foal  cowaatelloa  mcoa  mry  wltely 
aecorAlng  to  altltuAa  awA  ogaaA,  balng  roughly  AowhloA  fOr  anger aoalc  fll|fiC.  Whllat  a eoagwtor  can  be  of 
haig  In  aolvlng  waay  of  the  attoaAant  groblawa.  a grogarly  balaweoA  aolwCloa  caw  only  ba  AavlaaA  awA  kagC  ' 
ug  CO  Aata  by  tka  crawa  acting  aa  waeh  on  Intuition  aa  on  any  aelaatlflc  groeaaa. 

Agarc  from  aavlgetlon,  the  crow  kaa  to  wmatlo  wick  tka  groblaw  of  Aatoctloa.  lam  them  am  two 
Alfflcultlaa;  the  grounA  coatmllar  ean  uaually  aao  what  la  galng  on,  bat  ha  kaa  to  traaawlt  It  to  the 
craw  by  alaccronagnotlc  naana  which  the  aaaay  will  try  to  hlnter;  aaA  tka  crow  kaa  to  naalgwlato  Ita  own 
alrbotne  aaaaora  to  glck  ug  the  aaany,  tee  will  Ao  hla  wtwoat  flratly  to  amlA  awch  tetaetlon  aaA  aaeowAly. 
oaca  AataetaA.  to  roAwco  the  auallty  of  infomntlon  that  the  AafaaAar  can  gloaa  abowt  hla  novonawca. 

Ontll  aowaboAy  Invoata  a foolgroof  unlaawablo  raAlo.  ceamwileatloa  batwaan  coatmllar  awA  craw  la 
bouaA  to  ba  Alffieult.  It  con  net  be  oaclmly  gmvaatoA  but  It  rogwlma  centlnnewa  fraguaney  cheagaa  aaA 
tha  intargratacioa  of  other  laforwatlon  aueh  aa  latomogtoA  lamilng  algaala.  anA  tOkoa  both  Claw  aaA  nental 
effort  aaA  tha  roaulcanc  Infomntlon  will  carcalnlv  ba  of  ratecoA  gaallty. 

later  ogaratlon  aaA  tha  cowwcatwaaauraa  to  white  It  way  ba  augoaoA  la  a aubjact  on  Ita  own.  Ssaaatlally. 
a ceagwtaA  attack  mgwlma  coatlnuowa  range  aaA  angle  Infomntlon  on  tha  anawy  alrcmft.  If  either  of  tboaa 
ta  AaaleA  - awA  a waola  raaga  of  naana  la  amllablo.  aack  of  telch  kaa  Ita  own  eowatar-glay*tha  ce^utatlon 
ta  tranafarreA  to  tha  gllet'a  hoaA.  Hhan  you  ara  coaalAarlng  attacking  a target  on  white  you  are  cloalng 
haaA  on  at  1000  koota,  aa  error  of  S aacowAa  In  tlnlag  can  naan  aa  arror  of  a wlla  or  worn  la  firing  raaga; 
clearly  In  aglta  of  otbar  Alacmctlena.  a high  loml  of  ability  bath  to  maA  a mry  awall  rater  aeman. 
anA  to  mka  cowgllcataA  calculatlona  igilckly  la  tba  haaA,  la  oaaaatlol.  Tha  omomf.  of  cowrm,  will  Ao  h«s 
utweat  to  waka  the  rater  aeman  uamaAakla  aaA  only  a huwna  ayw  can  aagarata  tka  gonalno  frow  tha  ardrloua. 

Kaxt,  tha  groblaw  of  waagaa  mlaam.  Watem  wlaalloa  can  ba  mry  affactlm,  grovlAaA  they  wa  flroA 
fron  within  what  la  callaA  a auccaaa  aoaa  • a geckat  of  aky  of  teflnahle  mlum  within  a cartcia  Alataaea 
of  the  gnarry.  Oafortunataly.  tha  onawy  If  awam  of  the  flghtor'a  gmaawea.  will  eartalaly  taka  ataga 
both  to  grevoat  hla  fron  eeagutlag  the  golat  of  owtry  to  tha  auaeaaa  aana.  aaA  to  wtea  It  m amll  aa 
goaalhla.  Tba  aweeeaa  aem  ean  ba  caayutaA  fmw  tba  nnaiawn  awA  alalam  raaga  a of  tba  nlaalla,  tho  hel^tt 
of  lawate.  tha  halikt  awA  aagilar  Alffamncaa  batwaan  flfMor  aaA  target,  tha  mlatlm  agaaAa,  mtaa  of 
turn,  elite  anA  teaeaat  aaA  tha  aavlgntlowal  aaA  fnalag  cagahlllClaa  of  tho  nlaalla.  Tba  Aaatal  or 
corrwgtlon  of  any  own  of  tkaaa  garanctara.  bafwm  launte.  or  tholr  aahaaguaat  altamtlon,  ean  remit  la  a 
falaaly  caagataA  launch  golat,  anA  of  cmrm  a moolnca  aaaay  will  tOka  ataga  to  mawm  Chat  ho  aehloma 
luat  that,  bath  by  uaa  of  191  awA  by  avaalm  wawoawvm.  Tha  emw'e  taak  la  thamfom  ta  ba  maAy  at  nay 
tlm  to  eaagata  tho  waagm  mloaaa  golnC  amtally.  a taak  fOr  telch  tha  tlm  amllahle  la  uaually  naam^ 

In  aaeowAa.  aaA  white  haa  to  ba  cawtectaA  not  la  m amtealr  baatte  tha  fim,  bat  la  a Aywanle  altwatlow 
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with  •upwrlwpoMd  dlatnetleo  Miprllwd  fro*  a warlaty  of  tourcaa,  net  the  Taaat  of  which  way  ha  the 
target 'a  own  dafanalva  atwaaant. 

After  all  that,  the  crew  haa  only  to  find  Ita  way  back  hoaw,  or  on  to  Ita  atatlen,  or  to  another 
taak,  which  way  aaaw  chlldlahly  alalia  and  probably  would  be  If  only  Ita  bralna  would  work,  the  aun  would 
rlae  and  the  weather  waa  fine. 

Operational  lauljawnt 

I ahould  now  like  to  illuatrate  idiat  I have  bean  aeylng  by  relating  It  to  the  equlpaant  we  uae. 

901  of  the  lAV'a  air  defence  force  la  protrldad  by  warleua  warka  of  Lightning  all  of  which  are  externally 
fairly  alwllar  but  which  dlffar  In  fuel  capacity.  Inatruamitatlon,  agulpaant,  weapona  and  fire  control 
ayatewa.  The  Lightning  waa  conceived  29  yeara  ago  at  a tlwa  whan  the  relatively  law>thurat  englnea  avail- 
able were  the  llailtlng  factor  In  achieving  the  daalrad  Hach  2.  and  aa  a raault  the  unl^a  layout  waa 
dictated  by  the  need  to  keep  the  frontal  area  aa  aautll  aa  poaalbla.  The  raaultant  aircraft  haa  e very 
good  perforwance.  even  today  and  fllea  Ilka  a real  aeroplane  even  though  It  doaan't  look  auch  like  one. 

But  the  Internal  atowage  voluat  la  wlnlaal  and  the  cockpit  very  craagied  even  for  the  alngle  occupant, 
even  the  view  out  being  reatrlcted  by  the  dealgn  of  the  canopy.  The  flight  Inatruawntatlon  la  unique, 
a ailnlaturltad  Integrated  dlaplav  idilch  coabinaa  Into  five  dlala  the  Infomatlon  norwally  apread  over  tan. 
Thera  la  a good  autopilot,  or  flight  control  ayatea.  whoae  aid  la  very  neceaaary  when  the  pilot  haa  to 

concantrate  on  other  taaka.  for  Ilka  all  good  flghtara  the  aircraft  la  of  low  aarodynaailc  atablllty  and 

la  aanaltlve  to  aaall  changea  In  pitch  anglaa.  The  aircraft  will  accalarata  at  about  10  knota  a aecond 
all  the  way  to  aonlc  apead  at  aea  level,  and  will  reach  the  tropopauaa  frow  raat  In  about  two  nlnutea. 

All  warka  hevi  AAB  facllltlaa  and  can  atay  airborne  for  up  to  11  houra. 

The  aircraft 'a  navigation  facllltlea  are  rudlaantary  but  reaaonably  affective  under  favourable 
clrcuaatancea.  It  haa  TACAM  with  an  offaat  cowputar,  that  la  the  ability  to  'aove'  the  ground  beeeon 
about  by  elec:ronlc  aaana  to  put  It  anywhere  It  la  required.  TACAM  la  of  courae.  auacaptlble  to 
corruption  by  {aamlng.  The  alrcraft'a  radar  haa  a coaat -napping  facilltv  out  to  60  nllea,  or  140  nllea 
ualng  aecond  tlna-beae  retuma,  idilch  la  uaeful  If  It  happena  to  be  pointing  at  a coaat  but  net  otharwlae. 
Apart  fron  that,  navigation  haa  to  be  conducted  by  dead  reckoning,  or  on  Inatruetlona  fron  the  ground, 

except  that  It  la  poaalbla  to  hone  onto  a radio  trananlaalon  by  ualng  an  antl-laMlng  device,  a facility 

wa  aonetlnaa  ua.'  to  find  both  ^annera  and  tankara. 

The  Llghtnlng'a  Integrated  radar  and  fire  control  ayaten  la  baaed  nn  a alnplc  and  reliable  pulae 
radar  euganntad  by  coavutera  which  generate  electronlcally-dlaplayed  Inatruetlona.  The  radar  aerial  cen 
aean  an  area  of  aky  M nllaa  wide  by  20,000  feet  high  at  60  nllea  range  once  every  two-thlrda  of  a aecond, 
and  It  hat  a wide  range  of  aeleetlve  nanual  control  facllltlea.  Control  la  under  the  left  hand,  on  a 
alngle  handle  containing  14  different  eontrola  idilch  perforn  18  aeparate  functlona.  Interpretation  of 
thla  dlaplay  la  by  eye  a proeaaa  idileh  la  analogout  to  reading  a book  the  learning  of  It  being  one  of 
the  earlleat  leaaona  undertaken  by  the  atplrlng  fighter  pilot.  The  tcreen  la  only  about  4 Inchea  aquare 
ao  preclae  Interpretation  la  an  art  idileh  takaa  tlwa  to  acquire;  we  alwaya  practice  the  worat  cate,  which 
la  that  of  a return  appearing  on  the  tube  without  any  aupportlng  lnfom«tlon  being  aupplled  bv  the  ground 
controller.  In  that  caae,  the  pilot  haa  to  aaaeaa  Ita  relative  height,  apeed  and  heading  by  a proeaaa  of 
aantal  arlthnatle,  and  act  accordingly,  baaing  hla  actlona  on  an  Intlnate  knowledge  of  hla  own  alrcraft'a 
perfomance.  When  I tell  vou  that  a auperaonie  rear  Interception  can  take  aa  little  aa  49  aeconda  fron 

Initial  contact,  you  get  aone  Idea  of  the  rate  et  irtileh  the  pilot  haa  to  work.  In  another  caae.  a high 

filer  Interception  atarted  froai  90,000  feet  below  the  target,  can  take  aa  little  ea  two  ailnutea.  In  tht 
extreaw  caae,  a head-on  Interception  agalnat  e auperaonie  target  can  take  20  aeconda  or  leaa  fron  Initial 
contact  to  weapon  relcaae.  but  In  thla  caae  locklag  on  la  eaaentlal.  Bven  ao,  in  teat  tine  the  pilot  haa 
to  apot  the  target,  highlight  It  wanuelly.  eoa^te  and  wake  an  Initial  courae  coriectlon,  lock  on  (an 
action  requiring  four  aeperate  actlona  perfomed  with  the  left  hand  Itaelf  and  three  of  the  flngcra)  . 
follow  the  ateerlng  Inatruetlona.  nonltor  the  locked-on  Indlcatora.  compute  e breakaway  nanoeiivre.  check 
the  nlaallc  aeeulaltlon  and  programing  end  preaa  the  trigger. 

One  other  rader  function  la  the  vlaual  identification  of  unlit  targeta  at  nlgnt.  Thla  exerclae 
which  way  require  cloaure  to  e few  varda  range  on  an  evading  target  at  low  level,  requlrea  extrewe 
delicacy  of  aircraft  control  In  reaponae  to  Inforaatlon  dlaplayed  on  the  radar  tube,  and  of  courae.  can 
not  be  autoawted  in  any  way. 

Hhen  It  coawa  to  firing  hla  weapona  tha  pilot  haa  e choice  between  locking  on  and  giving  hla 
cowputara  the  taak  of  calculating  the  alaalle  aocceaa  aone,  or  of  alghtlng  vlaually  and  doing  the 
computation  hlmalf.  In  tha  flrat  caae.  provided  the  enemy  haa  no  naana  of  braaklng  or  dacalvlng  hla 
leek  ha  need  only  monitor  tha  eemputar'a  aolutlon  and  execute-tha  atearlng  Inatruetlona  If  thay  appear 
to  be  reaaonable.  In  the  aecond,  he  muat  compute  the  aolutlon  hlmaelf  ualng  hla  )udgeawnt  and  whatever 
facts  ha  can  eequlre;  but  of  courae  he  makea  hla  adveraary'a  801  taak  very  nueh  more  difficult. 

Whllat  ill  thla  la  going  on,  the  pilot  of  the  Lightning  haa  alao  to  keep  abreaat  of  hla  fuel  atate, 
tha  tactical  altuatlon,  and  the  atata  of  hla  home  base  and  dlveralen  weather.  8c  alao  hea  to  operate  hla 
aeeondary  radar  tranapondar  to  charging  eodaa  to  enaure  that  ground  atatlona  can  identify  hln  In  the  face 
of  any  enemy  attea^ta  to  cenpromlae  the  ayatem. 

Conclualon 

I have  aald  little  enough,  but  I hope  I have  given  you  aome  Idea  of  what  la  Involved  In  the  elr 
defence  mlaalon.  War  of  courae,  haa  alwaya  been  a contaat  between  people  not  machlnea,  and  that  remalna 
true  today.  The  problem  of  today  la  that  tha  dynamic  altuatlon  haa  apeaded  up  ao  much  that  tha  load  on 
tha  Individual  haa  reached  proportlona  which  threaten  to  engulf  hln.  One  anawer  to  that  In  air  defence 
la  the  two -man  crew,  a aolutlon  lAlch  we  embraced  yeara  age  bat  abandoned  temporarily  with  tha  Lightning 
in  reaponae  to  the  aeductlve  wooing  of  thoae  who  believed  that  all  thlnga  can  be  aelved  electronically. 
With  tha  Introduction  of  tha  fhantom  in  place  of  the  Lightning  In  the  OK  air  defence  force,  another  brain 
and  aet  of  aanaea  will  be  available  In  any  altuatlon;  but  one  thing  remalna  certain,  and  that  la  that  in 
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tha  haat  of  tha  elwaa  tba  craw  will  ra^ulra  all  Ita  faenltlaa  In  full  woifclni  oHar  if  It  la  to  kaap 
abraaat  of  tha  problaa. 
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DISCUSSIOH 

Would  you  coaMtnt  on  tha  poaalbllltT  of  raantaly  pllotad  Intorcoptora  for  tha 
Air  Dafanct  rolaT 

I ballava  that  currant  raaaarch  la  concamad  wora  with  tha  air  cowbat 
altuatlon  than  with  tha  bowbar  Intarcaptlon  wlaalon  which  foiwa  our  prlwary 
taak.  1 would  aap  chat  unlaaa  you  can  find  aotat  waana  of  propagating  aacura 
alaccroaugnatlc  algnala  for  a raaMtalv  pllotad  vahlcla  thara  ara  vary  conaldar- 
abla  dlfflcultlaa.  Thara  haa  alwava  baan  a countarploy  for  avary  ploy  you  put 
Into  affact  and  chla  la  cartalnly  trua  today.  If  wa  ara  on  tha  varga  of  a 
bra A through  In  cowplatalv  aacura  algnal  propagation  I would  be  anthualaatlc, 
chough  I would  hata  to  think  ' f oparatlng  a flghtar  frow  behind  a daak  undar- 
ground  aowawhara.  I wouldn't  qulta  get  tha  feel  for  It! 

I Iweglna  you  go  through  a nuwbar  of  alwulatad  wlaalona  In  the  year  with'  real 
fllghta.  Do  you  aaaaaa  tha  parformanca  of  thaaa  wlaalona  and  idiat  are  the 
prlwe  cauaaa  for  wlaalon  falluraT 

Wa  cartalnly  run  through  full  acala  wlaalona  both  In  ground  alwulatora  and  In 
the  air.  Tha  wa]or  recording  facility  wa  uaa  la  a cawara  which  racorda  the 
pi lot' a vlaw  of  the  radar  acopa.  It  doaa  net  record  any  ethar  parawetara. 
falluraa  cowa  about  aa  a raaulc  of  the  breakdown  In  any  one  of  tha  llnka 
I wentloned  In  what  la  a dallcata  enough  chain.  I wouldn't  Ilka  to  put  wy 
finger  on  any  apaclflc  one  which  la  any  wora  cewwon  than  any  othar,  axcept 
CO  aay  that  tha  threat  of  tha  low  level  attacker  raaMlna  by  far  tha  woat 
difficult  with  which  wa  have  to  cepe.  Thla  la  tba  araa,  naturally  ancugh, 

In  which  wa  gat  woat  falluraa  and  thay  ara  uaually  through  Inability  to  detect 
In  aufflclant  tlwa.  A low  laval  attacker  doing  high  aubaonlc  apaad  la  a prate-; 
cough  nut  CO  crack  In  the  Intarcaptlon  bualnaaa.  If  you  turn  In  behind,  outa  da 
firing  ranga,  you  are  cowwlttad  to  a long  tall  chaaa  and  that  la  aowathlng  wa 
wlah  CO  avoid.  A tall  chaaa  of  wora  than  40  to  SO  wllaa  laavea  a hole  In  your 
dafancaa. 

Can  you  give  a claar  IdanClflcatlen  of  pilot  failure  at  cautaa  for  borderline 
or  failed  wlsalonaT 

Pilot  failure  uaually  cowaa  about  aa  a raault  of  degradation  of  ability.  Thla 
la  uaually  cuwulaclve  aa  a raault  of  a nuwbar  of  faetora  of  wnlch  I would  aay 
the  woat  cewwon  la  chat  tha  dynawlc  altuatlon  will  alwply  prove  too  faat.  Per 
exa^ply.  In  tha  caaa  of  a low  laval  Intarcaptlon  at  night  with  wlnltM  warning 
tlwa  fallurs  will  woat  alwaya  raault.  Thla  la  a cowblnatlon  of  tba  pllot'a 
Inability  to  pick-up  the  Intruder  aoon  enough  and  the  difficulty  of  tha  control 
agency  (airborne  aircraft  or  ahlp)  In  waking  contact  with  hlw  and  giving  to 
hlw  Che  Inforwatlon  he  requlrae. 

Are  woat  of  choaa  faetora  dependant  on  tha  availability  of  tha  Inforwatlon 
within  an  adequate  period  of  tlwa  and  not  on  tha  ability  of  the  pilot  to 
operate  on  the  baala  of  that  InforwatleoT 

That  la  perfectly  cnia.  I think  that  ell  natlona  ara  auffarlng  frow  a wide  gap 
In  chair  low  laval  early  warning  facility.  Thla  la  tha  ability  to  gat  airborne 
and  CO  do  idiat  you  have  to  do.  I ahould  add  that  In  tha  Lightning  tha 
parforwance  of  tha  aircraft  aata  Ita  own  problews  at  tlwaa,  bacauaa,  aa  far  aa 
I know.  It  la  tha  only  aeroplane  currently  la  aarvlca  In  tba  Vaatam  world  In 
idilch  you  can  attack  a auparaonlc  target  haad-on  and  If  you  wlaa  go  round  tha 
back  and  hava  another  go.  It  will  auataln  about  S g all  tba  way  round  and 
ellalb  at  the  aawa  tlwa.  A vary  auhllaratlng  wanoauvra,  but  one  which  taiMB 
tha  brain  to  the  abaoluta  ultlweta. 

It  appaara  to  we  chat  tha  Intarcaptor  pilot  la  a fairly  aelaet  Individual. 

I wonder  If  you  would  give  ua  aowe  worda  about  the  aalaeclon  proceaB  of  a 
paraon  able  to  handle  aoch  a workload.  What  do  you  feel  la  tba  woat  productive 
acraanlng  for  a aoecaaaful  Intarcaptor  pilot? 

If  you  have  about  three  or  four  hoora  I would  be  vary  happy  to  go  Into  that! 

The  Intarcaptor  pi lota  of  tha  loyal  Air  Porca  are  aalectad  Initially  by  tha 
aawa  waana  aa  avary  ethar  pilot.  Thay  all  go  throw^  tha  aircrew  aalactlen 
centra,  but  their  training  la  a graaC  deal  longer  In  tha  advanced  ataga  than 
that  of  a pilot  who  la  daetlnad  to  bacawa  a ce-pllot  an  a bowbar.  I don't 
chlWk  anyone  haa  dlacovarad  tha  wltlwata  In  aalectlon  procaduraa.  Inavltably 
aalectlena  hava  a wide  acattar  around  what  tha  daalrad  figure  would  be  and  ao 
aalectlon  nnat  continue  right  through  operational  aarvlca.  I would  aay  that 
by  delaying  aalectlon  for  each  ataga  until  each  pilot  haa  approached  tha  end 
of  tha  pravlena  ataga,  you  caw  roduca  tha  error  to  accaptabla  propertlana.  Ve 
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«r«  ■Mklag  to  rodwec  th«  matogo,  of  course,  because  the  cost  of  the 

final  product  Is  estronoalcal.  In  short  we  don't  have  an  answer  to  the 
selection  procadura.  You  cannot  take  a awn  off  the  street  and  say  he  will 
SMka  an  air  defence  pilot.  There  le  no  test  you  can  subject  bin  to  because 
though  he  alght  well  have  the  education,  the  aantal  and  physical  attrlbutas 
you  are  looking  for  Involve  another  dlasnslon,  «dilck  no  one  has  yet  ■snaged 
to  ■sasure.  This  concerns  his  dynaailssi  shall  je  say  - the  aasnint  of  energy 
he  can  apply  to  the  job. 

In  the  kinds  nf  ailsslon  you  have  been  describing,  particularly  low  level 
Interception,  can  you  give  us  a fael  of  how  serious  In  practice  Is  rough  notion 
and  vibration  in  interpreting  displays  and  carrying  out  swntal  arlthrietlc.  Is 
It  a cosHK>n  or  serious  probleai  or  a falrlv  Incidental  ona  and  If  It  Is  a sarlous 
one  have  you  any  practical  suggestions  fron  a pilot's  point  of  view  as  to  how 
we  ad^t  Inprove  the  altuatlont 

I wish  I could  answer  your  question.  The  buaiplng  around  which  goes  on  at  low 
level  can  have  a very  distracting  affect.  To  glva  you  aoaie  feal  for  tha 
problen  In  the  case  of  the  Lightning,  which  has  no  radio  altlsctar,  tha  altl- 
■atar  error  at  about  .OS  Is  of  the  order  of  1,500  ft  which  is  grounds  for 
apprehension.  There  Is  soaw  physical  dlscoafort  though  an  aircraft  of  that 
kind,  which  was  unique  «dtan  It  was  designed,  has  a very  low  gust  rasponsa  and 
so  the  ride  tends  to  be  fairly  saooth.  On  a dark  nl^t  with  no  horlton  the 
tlwe  available  to  a pilot  to  Interpret  the  radar  picture  Is  reduced.  Ha  has 
to  devote  wuch  attention  In  the  low  level  role  to  flvlng  the  aeroplane  and  so 
ha  has  less  of  his  total  awntal  capacity  to  devote  to  interpretation.  Now 
what  can  you  do  about  Itt  The  best  thing  Is  to  put  another  luin  in  the  aeroplane 
to  work  the  radar.  He  suffer,  wore  than  In  any  other  role,  when  we  ara  operat* 
Ing  low  down  In  the  dark. 

Does  the  phyalcal  antlon  of  being  buaped  around  lead  you  to  baliava  there  is 
any  way  In  «dilch  display  designs  way  be  iwprovad? 

He  have  a relatively  low  gust  rasponsa  In  tha  Lightning.  I tnink  that  isoat 
air  defence  aircraft  ara  daslgnad  on  slwilar  linaa  and  it  doas  not  worry  sie 
usually.  If  you  do  get  Into  a vary  buaq>v  piece  of  air  than  you  have  difficulty 
In  saelng  the  Inatruaente  on  occasion.  A head  up  display  stay  help.  I have 
only  had  exparlanca  of  hand  up  dlaplaya  In  earlier  aircraft,  such  as  tha 
Javelin,  but  I found  that  In  tha  darknass  thay  tended  to  spoil  vour  ability 
to  tea  out. 

Have  you  or  your  colleagues  aver  experienced  disruption  of  your  mental 
arithmetic  by  very  savare  bumping? 

The  short  answer  to  that  la  'yes'. 

Could  I have  your  comments  on  the  value  of  the  simulator  as  a device  for 
training  and  maintaining  skill  under  high  workload  conditions? 

Tha  simulator  Is  a verv  useful  tool  but  It  has  Its  limitations.  You  can  load 
up  a pilot  to  breaMng  point  very  aaslly  with  a simulator  and  to  that  extant 
It  Is  useful  for  supervisors  to  know  undar  what  sort  of  load  an  individual  Is 
likely  to  crack.  As  a Squadron  Coasandar  I find  that  useful  in  itsalf.  In 
radar  Interpretation  a simulator  Is  a vary  useful  aid,  but  if  you  want  to  know 
It  If  helps  to  fiv  tha  aeroplane  then  the  answer  Is  'no',  becausa  its  responses 
ara  not  anywhara  near  enough  representative.  In  fact  most  of  us  doing 
simulator  Intarcaptlons  fly  on  autopilot  all  tha  time  becausa  averytime  vou 
trip  the  autopilot  It  turns  upside  down  and  dives  into  tha  seal  Similarly, 
there  are  soam  tasks  on  tha  existing  Lightning  simulator  which  cannot  be 
simulated.  Low  laval  ground  raturns  cannot  be  produced  on  tha  radar,  so  in 
the  very  high  workload  situation  tha  simulator  has  Its  limits.  Tha  simulator 
Is  a very  useful  tool  particularly  to  those  of  us  who  ara  concerned  with  the 
organisation  and  supervision  of  others,  but  it  has  vary  definite  limitations  in 
assasslng  thalr  ability  to  copa  with  a real  Ufa  situation. 

I fully  agree  with  Hlng  Comswndar  Hutchinson.  The  problem  with  the  simulator 
Is  that  It  does  not  flv  Ilka  an  aircraft.  You  can  usa  it  for  procedure  training 
and  emergency  training,  but  vou  can  never  slmulata  an  attack  or  a run  in  on  the 
target.  I faal  that  simulation  of  missions  can  only  ba  dona  properly  in  the 
air  In  normal  aircraft. 

You  cannot  of  course  slmulata  flight  refuelling  in  a slMilator  and  that  is  ona 
of  the  most  testing  parts  of  a long  distance  air  defence  mission.  You  cannot 
simulate  the  navigational  problem  of  finding  a tanker  or  of  finding  your  cortat 
station. 

I believe  the  maritime  simulator  is  a good  tool  to  determine  tha  level  at  which 
the  crew  can  no  longer  cope.  I would  agree  with  tha  otnci  members  that  vou 
cannot  slmulata  all  the  mieslon  profile  and  certainly  in  a complex  crew 
structure  like  the  maritime  aeroplane  you  ..an  very  quickly  saturata  tha  crew 
ammbers  with  workload. 
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SUItURY 

During  Exerclae  Night  Star  the  personnel  of  the  National  Energency  Airborne  Coawind  Poet  aucceaa- 
fully  docuaented  their  ability  to  aalntaln  a continuous  airborne  alert  for  an  extended  period.  Bloaedlcal 
evaluation  began  with  a pre-exercise  baseline  study  and  continued  through  a postexercise  observation 
period.  A variety  of  psychological  and  physiological  paraaaters  were  aeasured  In  order  to  determine  the 
degree  of  stress,  fatigue,  and  change  In  performance  Induced  by  the  extended  airborne  alert.  This  blo- 
aedlcal evaluation  showed  that  performance  was  aalntalned  by  the  alsslon  teaas,  flight  crews,  and  ground 
support  personnel.  When  significant  fatigue  did  occur,  whether  In  flight  or  on  the  ground.  It  developed 
near  the  beginning  of  the  exercise.  The  only  cases  of  narked  or  persistent  fatigue  were  seen  In  these 
groups  whose  day /night,  work/reat  cycles  were  shifted  and  can  be  attributed  In  najor  part  to  the  resulting 
sleep  loss.  However,  all  groups  appeared  to  adapt  to  their  new  work  schedules  as  the  exercise  progressed. 
Partial  physiologic  and  conplete  psychologic  recovery  were  evident  within  the  first  38  hours  after  the 
exercise. 

INTRODUCTION 

Exercise  Night  Star  was  conducted  In  Kay  1973  by  personnel  of  the  National  Eaergency  Airborne  Coanand 
Post  (NEACP),  the  Eaergency  Airborne  element  of  the  Joint  Staff,  and  the  first  Airborne  Coanand  Control 
Squadron  (ACCS),  an  elite  separate  squadron  of  the  United  States  Air  Force.  As  an  alternate  coanand  center 
of  the  National  Military  Coanand  Syatea,  NEACP  provides  the  National  Cosmand  Authorities  with  the  eaergency 
means  essential  for  accurate  and  timely  decisions  for  the  direction  ot  U.  S.  military  forces.  The  1st  ACCS 
provides  aircrews  to  san  the  EC-13SJ  Airborne  Coanand  Post  aircraft , as  well  as  tiie  necessary  nalntemmce 
and  coanunleatlons  electronics  siqiport.  During  the  11  years  since  it  became  operaCtonal,  the  capabilities 
of  NEACP  have  been  repeatedly  expanded.  Consequently,  Exercise  Night  Star  was  designed  to  test  the  ability 
of  NEACP  to  maintain  a continuous  airborne  alert  for  an  extended  period.  In  addition  to  tests  of  equipment 
and  procedures,  an  evaluation  of  stress,  fatigue  and  changes  In  performance  was  also  desired.  For  this 
purpose  personnel  from  the  U.  S.  Air  Force  School  of  Aer*'space  Medicine  and  the  Aerospace  Medical  Research 
Laboratory,  both  constituents  of  the  Aerospace  Medical  Division,  AFSC,  were  Invited  to  assist  In  the  exercise. 
A variety  of  psychological  and  physiological  parsawters  were  aeasured  to  determine  what  changes  were  Induced 
by  the  extended  airborne  alert.  The  results  of  that  bloaedl'al  evaluation  constitute  this  report. 

STUDY  PLAN 

Data  collection  was  started  on  lA  May  1973.  Baseline  Information  was  collected  from  the  members  of 
one  of  the  three  alsslon  teaas  over  a 2A-hour  period  while  they  were  on  duty  In  the  alert  facility. 

During  the  baseline  collection  period,  the  duty  team  knew  they  were  vulnerable  to  the  start  of  Exercise 
Night  Star  but  were  otherwise  following  their  normal  doty  routines.  Data  were  collected  every  A hours  with 
the  exception  of  the  0300  aid-sleep  collection,  which  was  omitted. 

At  1900  hours  on  IS  May  1973,  Exercise  Night  Star  was  Initiated  without  warning.  The  alert  aircraft 
with  team  3 on  board  departed  the  alert  facility  In  less  than  5 minutes  fron  the  first  sounding  of  the 
Klaxon.  During  the  ensuing  slrbome  alert,  the  mission  teaas  were  Investigated  Intensively  while  less 
information  was  obtained  froa  the  flight  crews  and  ground-support  elements.  Each  alsclon  team  was  com- 
prised of  17  Individuals  occupying  position  In  one  of  five  fixictlonal  areas:  Control  Section,  Intelli- 

gence, Eaergency  Actions  and  Coounlcatlons , Operations  and  Resources,  and  Plans.  Members  of  all  three 
alsslon  teaaw  were  s«d>Jected  to  the  physiological  and  most  psychological  measurements  shortly  after  takeoff 
and  every  A hours  thereafter  during  all  11  flights.  Host  of  the  alsslons  were  81]  hours  long.  However, 
the  first  alsslon  of  team  3 and  the  second  alsslon  of  team  2 were  12  hours  In  length  and  Included  aerial 
refuelings.  An  Inflight  refueling  was  conducted  during  the  fourth  flight  of  team  1 as  well.  The  group 
that  resisMd  alert  after  Night  Star  was  studied  for  36  hours  to  determine  recovery  rates. 

The  results  and  conclusions  tdilch  follow  sre  based  primarily  on  the  findings  froa  teams  #1  and  #3. 

The  data  froa  teaa  #2  vert  consistent  with  that  of  the  other  teams  but  were  not  used  for  Illustrative  pur- 
poses because  team  #2  flew  three  alsslons  while  the  other  two  teaas  flew  four,  because  there  was  one 
missing  data  collection  during  each  of  the  three  missions  of  teaa  #2  and  because  the  flyl.~:g  times  of  the 
other  two  teaas  permitted  sharper  differentiation  of  day  versus  night  effects. 

Several  conaents  are  warranted  on  the  physiological  aeasureaents  aade  on  the  alsslon  teams  during 
Exercise  Night  Star.  Flying  operations  have  repeatedly  been  shown  to  exert  considerable  Influence  on 
bodily  functions  which  are  not  wider  volimtary  control.  Consequently,  blochesilcal  as  well  as  biophysical 
processes  can  be  measured  for  the  purpose  of  assessing  flight  effects,  the  so-called  physiological  "costs." 
These  flight-induced  costs  are  superimposed  upon  the  rhythiUc  dally  physiological  changes  that  occur  In 
all  healthy  persons.  The  baseline  determinations  swde  before  the  start  of  Exercise  Night  Star  ware  there- 
fore used  In  the  assessaent  of  all  data  collected  during  and  following  the  various  flights.  By  subtracting 
the  baseline  value  In  each  case  fron  the  so-called  "flight”  or  "recovery"  value.  It  was  possible  to  show 
whether  the  costs  were  normal  or  excessive. 
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Th«  phyalologlc  aMMMUt  wu  broadly  baood.  Th«  Indicaa  ehooaii  imt*  body  taaporaturot  aodlaa 
outputt  potaaalwi  output,  uraa  output,  urlna  voIum,  mi  tha  balaaca  batuoan  aodlM  aad  potaaalua  azeratlon 
lacraaaaa  In  tha  output  of  thaaa  chaalcala  Indleata  that  eo^anaatory  phyalologlc  adjuataaata  ara  occurring 
to  changaa  Inducad  ^ tha  aaarclaa.  Spaclnaaa  wara  collactad  Iron  aach  taan  Mabar  ahortly  aftar  tha 
start  of  aach  flight  aad  arary  four  hours  tharaaftar.  Thua  a total  of  thraa  or  four  spsriasns  wara 
collactad  par  ■Isslon,  dapaadlng  upon  tha  alaalott  laiigch.  Tha  aarly  data  sarrad  to  them  uhathar  or  not 
thara  wara  pra-fllght  alaratloua  (pradlapoaltlena) , wharaas  tha  latar  data  showad  tha  dlractlon  aad  aagnl- 
tuda  of  aach  fllght**lnduead  physiologic  shift.  Tor  aach  collactlon,  tha  subject  woldad  lata  a 2S0  cc 
plastic  bottle  to  lAlch  2.0  gas  of  boric  acid  had  baea  added  as  a prasarvatlra . Sasylas  wara  seat  to  the 
USAT  School  of  Aerospace  Medlclaa  where  laboratory. analyses  wara  parfotasd  uslag  the  AatoAnalyser  «id  flsaw 
photonatar.  Oral  taaperaturea  were  taken  with  Tallow  Springs  laatrunants  Talatharaaaatar  probes  or 
IndlYldually  assigned  nercury  thamaaatars  and  wara  recorded  by  obaarwers  onboard  aach  aircraft. 

Subjective  fatigue  fotna  ware  filled  out  every  four  hours  at  approxlnataly  the  sans  tints  that  tha 
physiologic  saapllng  took  place.  Sleep  histories  wara  coaplatad  by  each  crswnssbsr  once  par  24  hours 
fallowing  tha  longest  sleep  period,  loth  the  fatlgua  and  sleep  history  fotns  wore  those  which  had  baan 
used  nany  tines  at  the  tISAT  School  of  Aarospaca  Medicine.  Consequently,  tha  scores  obtained  during  Enerclse 
Might  Star  could  be  latarpratad  In  light  of  on  extensive  experience  with  a variety  of  straasful  flying 
operations. 

Tha  affect  of  extended  nlsslons  on  teen  parfomanca  was  assessed  by  both  sid>jactlva  evaluation  and 
objactlva  neasuranants . Overall  changes  In  general  cheractarlstlcs  such  as  wood,  alertness,  and  coordin- 
ation were  evaluated  by  nesns  of  sid>jactlva  rating  scales,  critical  Incident  sttrvays,  and  debriefings.  In 
addition,  an  ettaapt  war  nada  to  quantify  perfomsFca  during  certain  nlsslon  sagnsnts  by  tape  racordlng 
than  and  s«Asaquantly  applying  tlM  and  content  MLsiysas.  Bight  key  personnel  frosi  each  taan  ware  selected 
to  fill  out  a rating  scale  twice  during  aach  nlssisn.  Tha  taan  nmbars  saaplad  were  tha  taan  chief,  COOC, 
operations  officer,  plana  officer,  eaargancy  actions  officer.  Intelligence  officer,  cnsnunl cations  officer, 
and  coanuilcatlons  NCO  (teletype).  The  performance  evaluation  was  conducted  at  tha  nld-polnt  and  near  the 
and  of  aach  flight  to  allow  conparlsons  between  tha  first  and  second  helves  of  tha  nlsslons.  These  evalu- 
ations consisted  of  self-rating  questions,  questions  about  specific  job  areas  and  overall  nlsslon  appraisals. 
These  scales  probed  tha  arena  of  responaa  spaed  and  accuracy,  stress  level,  support  quality,  and  nora 
subtle  behavioral  changes  such  m anticipation  of  data  requlranents  and  decisiveness.  In  edition,  an 
observer  flew  with  aach  nlsslon  of  team  #1  and  nada  systanatlc  checklist  observations  of  taan  activity 
during  tha  nlsslon  scenarios.  As  a aodulator  of  these  evaluations,  the  taan  chief  was  debriefed  aftar  aach 
scenario  to  datamlna  tha  relative  difficulty  of  that  nlsslon.  Tape  recordings  of  all  Intarcon  traffic 
during  two  of  tha  nlsslon  scenarios  of  toon  #1  were  analysed  to  detect  stress-  or  fatlgua-  Inducad  changes 
In  tha  taon's  style  of  operation. 

In  addition  to  tha  Infotnstion  obtained  fron  nanbars  of  the  adsslon  teams,  fatlgua  forns  and 
oral  tanparswuras  were  obtained  fron  tha  flight  craws  at  four-hour  Intervals  and  sleep  histories  wara 
filled  out  daily.  Urine  was  collactad  every  four  hours  fron  aach  aircraft  conaondar.  Members  of  tha  neln- 
tenonca  erws  conplatad  fatlgua  forms  and  sleep  hlsto.  las  during  aach  duty  period. 

mSIOLOGICAL  RESULTS 

Tha  data  on  physiological  costs  are  som»srlsad  In  Table  1.  Generally  slid  to  aoderata  stress  developed 
during  Exercise  Night  Star  as  judged  by  simple  metabolic  Indices.  For  axs^la,  urinary  electrolyte 
excretion,  which  Increasas  with  nonspecific  stress,  did  not  rise  appreciably  during  the  flights.  Corres- 
pondingly snail  changes  ara  seen  idten  pooled  data  for  urea  excretion,  sodlun/potasslun  ratio  and  urlna  volume 
fron  tha  flights  of  taan  1 (day)  and  taan  3 (night)  ara  aiqpressad  as  deviations  from  tha  baseline  values. 

No  parfoinanca  dacrasMnt  has  been  associated  In  post  studios  with  this  degree  of  physiological  change. 

Thus,  these  results  are  co^atibla  with  the  sustained  crew  parfomanca  actually  observed. 
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Tabic  1 

Phyaiolocical  Coat  Sumary 


Teat 

Condition 

Tiaie 
of  Day 

Velum 

Urinary  Index* 

K Ha  Na/K 

Urea 

— 

Prclininary 

0700 

43 

1.9 

5.5 

3.5 

885 

1100 

67 

4.0 

!0.3 

2.6 

984 

1500 

S4 

4.0 

12.2 

3.3 

1056 

1900 

87 

3.4 

13.4 

4.3 

1183 

2300 

74 

2.6 

14.0 

6.1 

1139 

Flight  1 

1900 

85 

3.0 

14.4 

5.1 

1300 

2300 

82 

3.2 

14.7 

5.3 

1322 

0300 

79 

2.4 

10.6 

4.6 

1317 

0700 

93 

3.1 

9.8 

3.8 

1198 

Flight  2 

2300 

53 

3.3 

7.9 

2.8 

975 

0300 

63 

2.8 

7.C 

3.0 

1029 

0700 

59 

2.2 

7.2 

3.6 

1170 

Flight  3 

0300 

54 

2.7 

6.9 

2.9 

1278 

0700 

60 

3.5 

7.3 

2.3 

1564 

1100 

78 

4.1 

9.2 

2.4 

1398 

Flight  4 

0300 

43 

3.1 

5.5 

2.2 

877 

0700 

76 

3.5 

7.1 

2.4 

1014 

1100 

51 

4.2 

7.2 

2.1 

1040 

Flight  1 

0700 

70 

3.8 

11.8 

3.4 

763 

1100 

135 

6.4 

16.8 

2.9 

1336 

1500 

62 

2.9 

9.5 

3.9 

1064 

Flight  2 

0700 

62 

4.0 

8.7 

2.6 

1072 

1100 

143 

6.5 

14.5 

2.5 

1285 

1500 

75 

3.8 

10.6 

3.0 

1245 

Flight  3 

1100 

71 

6.4 

10.9 

1.9 

1378 

1500 

86 

5.1 

10.1 

2.2 

1317 

1900 

106 

3.7 

12.6 

4.0 

1683 

Flight  4 

1100 

73 

5.3 

7.8 

1.5 

1055 

1500 

66 

3.7 

7.6 

2.1 

932 

1900 

74 

3.4 

10.0 

3.4 

1329 

Recovery 

0700 

57 

2.4 

5.3 

2.2 

1192 

1100 

57 

4.9 

7.1 

1.5 

1130 

1500 

109 

5.1 

9.5 

1.9 

1164 

1900 

81 

3.6 

9.7 

2.9 

1241 

2300 

73 

3.1 

9.9 

3.2 

1320 

0700 

64 

2.0 

7.1 

3.8 

1436 

*Each  Index  la  a crcatinlne-based  ratio 

(«1,  nEq. 

or  a^/100 

nr  creftt 

.) 

Although  the  effecta  arc  nlld,  they  dcnonatratc 

a difference  In 

the 

rear^naea  of  the 

team  depending 

on  whether  they  flew  at  night  or  during  the  day.  For  example 

T^le  2 

ahewa  ;odluai  output 

aa  nilli- 

equlvalenta  of  deviation  fron  baaellnc  valuea.  The 

dav  tcaai  ahowed  a 

relat..vely  high  aenaltlvlty  (indl- 

cated  by  larger  poaltlve  valuea)  to  flight 

factora  early  in  the  niaalon  whereaa 

the  night 

teaai  conaiateni 

ahowed  It  at  the  late  tiaic.  Thia  table  alao  llluatratca  another  Intereatlnft  finding.  Flighta  1 and  _ were 
the  noat  atreaaful  for  both  team  aa  Indicated  by  aodluai  excretion.  Thia  flndinr  la  conflraed  by  the 
other  urinary  nteaaureaenta.  Either  the  workload  decrcaaed  or  adaptation  occurred,  reaultlng  in  decreaaed 
phyaloloaic  coat  for  later  flighta.  A corollary  of  thia  finding  la  that  cuaiulative  atreaa  evidently  did 
not  bcconc  a factor  over  the  96-hour  exerclae.  The  minlnal  changca  obaerved  during  the  operation  indicate 
that  the  work  achcdule  could  have  been  Maintained  for  additional  nlaalona  if  neccaaary. 


AIM 


f 

! 

: 

1 


MU  2 

mSlOLKICtt.  OOtT 
aODI9t  OCTTOT* 


larlT  U riliitt 

Uta  U FlMt 

Flight 

Mgbt 

light 

«1 

■td.3 

40.7 

-2.7 

44.3 

#2 

*i.2 

-d.l 

-l.t 

41.7 

«3 

40.« 

-2.S 

-0.0 

-1.1 

M 

-2.5 

-4.3 

-3.4 

-3.1 

*In  aU  of  dovUclon  froa  UmIIm  «b1hm 


OvrUg  Ch«  3A-lio«r  pootoMtclM  oboorvotlon  porlo4,  oaljr  partial  plqraloloslcal  racovary  waa  datactad. 
For  axaapU.  la  Flgura  1,  uraa  aaeratloa  la  a(  par  100  b|  of  rraatlaiaa  la  plettad  agolaat  tin  of  day 
for  cha  baaallaa  parlodi  cha  flylag  portloaa  of  eka  aaarclaa  aad  tha  racoatry  parlod.  Altboa^  tha  racoaary 
aalaaa  ara  raapproadilag  Cka  baaallaa  aalaaa.  aoaa  flight  ladacad  daalatloes  ara  atlll  aaldaat. 

Oral  caaparacura  data  raaaal  chat  partlataac  hypartharala  aaa  praaant  dorlag  all  fllghta  of  Batrclaa 
light  Star.  Tha  taaparatura  alaaatloa  aaa  gaaarally  graatar  la  tha  caaa  of  taaa  3 flying  at  night  thaa 
that  of  taaa  1 flylag  daring  tha  day.  In  Figara  2,  tha  poolad  data  frea  all  thraa  taaaa  aahataatlataa 
tha  prograaalaa  fall  la  body  tai^ratara  bataaan  tha  baginalng  aad  and  of  aack  alaalon  praaloaaly  ohaanrad 
by  larrls  at  al.  (1).  Thla  oaarall  taiyaratara  chaaga  parallaUd  tha  dacraaao  la  alartaaaa  (lacraaaad 
fatlgaa)  datactad  aalag  tha  aidtjaetlaa  fatlgaa  foiaa. 
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Figara  1:  FhyaioUglcal  Coat  - Oraa  tacracloa 
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Flfture  2:  Oral  Taaperature 


PSTCHOLOGICAL  RESULTS 

Exercise  Right  Star  generally  produced  only  elld  fatigue,  although  flying  always  produced  significantly 
greater  fatigue  than  that  occurring  nomally  during  the  sane  periods  cm  the  control  day.  However,  with  the 
exception  of  the  first  12-hour  mission  performed  by  tew  3,  the  fatigue  level  seldom  fell  below  a mean 
score  of  9 (lower  scores  Indicate  Increasing  fatf^gue).  Previous  studies  have  found  that  complete  recovery 
following  an  8 hour  sleep  period  normally  occurs  when  fatigue  Is  at  this  level. 

The  maximum  mission  team  fatigue  occurred  at  the  end  of  the  first  12-hour  flight  (Figure  3).  This 
level  of  fatigue  (mean  subjective  fatigue  score  at  0700  hours,  16  May  for  team  3 » 6.7)  has  previously 
been  found  to  produce  Incomplete  recovery  within  one  normal  sleep  period.  Thlj  relatively  low  score  was 
probably  a result  of  the  co^lned  effects  of  the  12-hour  mission,  plus  the  preceding  12  hours  of  alert  duty. 
The  magnitude  of  the  fatigue  In  this  case  was  at  a level  consistent  with  moderate  persistent  psychological 
cost,  although  perfonunce  was  maintained  at  an  acceptable  level. 

Figure  3 alao  shows  that  the  team  3 average  early  mission  fatigue  Increased  over  missions.  This  may 
be  the  result  of  Incomplete  recovery  from  mlssli  1.  However,  it  should  also  be  noted  that  mean  late 
mission  scores  were  similar  for  all  missions  Indicating  that  overall  fatigue  was  mild. 
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Figure  3:  Subjective  Fatigue  Early  va  Late  In  Flights 
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There  was  little  evidence  of  cuaulative  fatigue  over  Blaalona.  A comparison  of  early  mission,  mid- 
mission  and  late  mission  scores  on  mission  4 and  mission  1 (team  1)  and  late  mlaslon  scores  on  mission  4 
and  mission  2 (team  3),  all  corrected  for  time  of  day,  showed  only  one  significant  difference.  Team  1 
showed  relatively  greater  early  mission  fatigue  on  mlsalon  1 than  mission  4.  The  only  evidence  for  any 
cumulative  fatigue  was  the  progressive  decrement  In  'early  mlaslon  scores  for  team  3.  However,  this  may  be 

due  In  part  to  the  small  nuiri>er  of  hours  (5.6)  devoted  to  sleeping  prior  to  their  fourth  mission. 

The  mean  number  of  hours  of  sleep  obtained  during  Exercise  Night  Star  are  shown  In  Table  3.  There  tras 
1}  sl>swp  loss  for  team  1 which  performed  four  daytime  missions  and  slept  at  night.  On  the  other  hand,  the 
members  of  team  3,  who  were  required  to  sleep  during  the  day,  slept  an  average  of  1.2  hours  less  than  team 

1.  Consequently,  there  was  a difference  in  the  responses  of  team  1 and  team  3 to  the  question  "How  do  you 

feel?"  Team  1 personnel  awoke  feeling  refreshed  each  day,  whereas  the  members  of  team  3 felt  somewhat  less 
rested.  Sleep  loss  was  responsible,  at  least  In  part,  for  the  progressive  decrement  In  the  early  mission 
scores  of  team  3.  One  way  to  detect  cumulative  eff«'wts  Is  to  compare  recovery  data  with  pre-exercise  base- 
line data.  Figure  4 shows  that  recovery  from  'atlgue  appeared  to  be  coaq>lete  within  24  hours. 
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Table  3 

MEM  KDMMX  HOtntS  OF  SLEEP 
OBTAINED  DDBIBG  EXERCISE  NIGBT-STAR 


PHASE 

TEAM  1 

TEAM  3 

Pre-exsrclse  Control 

6.2 

6.5 

Between  Mteeions  1 end  2 

6.8 

6.0 

Between  MlsBlona  2 and  3 

8.2 

7.5 

Between  Mlealona  3 and  4 

8.0 

5.6 

Poetezerclse  Recovery 

7.3 

0300  1100  1900  0300  1100 

Time  of  Day 

Figure  4:  Subjective  Recovery  om  Fatigue 


Ferforaance  ratlnga  were  obtained  by  adalnlaterlag  a questionnaire  to  8 key  Indlvlduala  on  the  mission 
tesM.  Although  about  16Z  of  the  data  la  ulaslng,  the  responses  are  Internally  consistent  and  seem  to 
represent  valid  measures  of  the  feelings  and  attitudes  of  the  respondents.  No  one  failed  to  make  at  least 
some  differentiation  In  the  ''arlous  estimates.  Observational  data  also  appear  reliable,  but  suffer  from 
the  lack  of  standardisation  between  missions. 

Subjective  performance  efficiency  was  determined  from  the  subject's  own  Impression  of  his  performance 
as  Indicated  by  the  nuaber  of  mistakes  he  noted  In  details  of  the  mission  and  by  people  working  for  him. 
There  was  no  significant  difference  between  halves  tf  the  missions  and  there  was  little  change  over  the 
four  miaalona  In  subjective  performance  efficiency.  These  smasures  were  Interpreted  by  the  subjects  as 
Indications  of  how  mil  things  were  actually  going  during  the  flights.  They  showed  that  at  least  as  far 
as  the  team  members  were  concerned  there  was  no  decremnt  In  performance  during  the  exercise. 
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However,  reepondente  eeeaed  leee  certain  of  their  work  as  the  test  period  progressed.  They  reported 
working  soiMwhat  slower  and  feeling  slightly  less  "accurate"  with  succeeding  wlsslons.  The  overall  lapres- 
slon  Is  that  real  efficiency  and  capability  to  react  were  not  lapaired  over  the  test  period.  However,  by 
the  end  of  the  period,  aore  than  noraal  care  and  attention  were  required  to  aalntaln  efficiency.  Con- 
sidered In  light  of  the  overall  feeling  thet  just  as  good  a job  was  being  done,  the  decreased  certainty 
probably  rapresents  a slight  change  In  the  style  of  working.  Such  a alnor  perforaance  change  would  be 
of  no  operational  significance. 

Flleht  Crew  Subjective  Fatigue 

Thus  far,  the  findings  froa  the  alsslon  tesas  have  been  discussed  since  they  provided  the  bulk  of  the 
bloaedlcal  data.  The  Inforaatlon  on  flight  crews  Is  sparse  and  difficult  to  analyse  since  few  personnel 
were  Involved  and  fewer  missions  wre  flown  per  person.  Furtheraore,  the  alsslons  flown  were  often  on 
different  shifts,  thus  asking  Individual  coaparlsona  laposslble.  However,  a few  conaents  are  warranted.  As 
shown  on  Figure  5,  the  overall  mean  subjective  fatigue  score  after  8 hours  of  flying  was  9.6,  an  acceptable 
level.  However,  the  aircraft  coaaander,  co-pllot  and  navigator  from  the  first  mission  of  the  exercise 
represent  a significant  exception.  They  tiere  required  to  fly  a 12-hour  night  mission  Including  an  inflight 
refueling  following  a full  work  day  on  duty  In  the  alert  facility.  Their  mean  score  was  3.0,  a level  of 
fatigue  which  can  be  associated  with  significant  performance  decrement.  The  flight  crew  evaluations  also 
showed  that  there  was  little  variation  aanng  crew  positions  In  subjective  fatigue  after  8 hours  In  flight. 
However,  a cosq>arlson  of  average  scores  for  crews  flying  8-hour  overnight  missions  with  those  of  crews 
flying  during  the  day,  showed  that  night  flights  produced  greater  fatigue  (mean  score  7.6)  than  daytime 
fllg)its  (mean  score  10.5). 
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Figure  5:  Mean  Subjective  Fatigue  In  Fllghtcrews 


Ground  Crew  Subjective  Fatigue 

Although  the  data  on  the  ground  support  elements  Is  also  limited,  several  conclusions  seem  justified. 

The  fatigue  scores  of  nlgjht  crews  at  the  end  of  the  first  two  work  shifts  were  4.0  and  5.4,  a level  of 
fatigue  which  can  be  associated  with  decreased  efficiency.  Tne  low  values  In  the  first  two  nights  are 
probably  due  prlnarlly  to  the  abrupt  change  from  day  to  nl^t  work  which  most  nl^t  shift  workers  experi- 
enced when  the  alert  began.  There  appeared  to  be  a slight  recovery  from  fatigue  by  the  end  of  the  exercise. 

An  apparent  progressive  Increase  In  feelings  of  fatigue  was  detected  among  daytime  personnel.  However,  other 
data  shows  that  tbJ.s  change  occurred  primarily  In  crews  working  a 12-hour  shift.  Those  on  an  8-hour  day  shift 
showed  no  change. 
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Tba  bloMdlcel  evaluation  conducted  during  Bsarclae  Might  Ster  haa  revealed  the  following  flndlngf : 

1.  T^.a  general  level  of  atreaa  and  fatigue  waa  nild. 

2.  firfonanca  waa  Maintained  by  the  nlaalon  team,  flight  crewa,  and  ground  aupport  peraonnal 

3.  Nban  algnlflcant  fatigue  did  occur  whether  la  flight  or  on  the  ground.  It  occurred  during  the  flret 
pert  of  the  eaarclae  rather  than  near  the  end. 

4.  The  greateat  effecta  were  aeen  In  peraona  who  had  to  work  et  night  both  In  the.  air  and  on  the  groutd. 
The  only  caaea  of  narked  or  peralatent  fatigue  occurred  In  thoae  groupa  whoae  day-night  work/reat  cyclea 
were  ahlftad.  Tbla  can  be  attributed  In  najor  part  to  the  reaultlng  aleep  loaa. 

5.  All  groupa  appeared  to  adapt  to  their  new  work/reat  achedulea  aa  the  eaarclae  prograaaau. 

6.  Mo  cunulatlve  effecta  were  aeen. 

7.  Partial  phyalologlc  and  coup late  paychologlc  recovery  were  evident  within  the  flrat  36  houra  after 
the  eaarclae. 

Operational  Anollcatlona 

The  blonedlcal  flndlnga  fron  Eaerclae  Nl^t  Star  have  aeveral  lanedlate  and  future  operational  appll- 
catlona.  No  crew  vulnerabllltlea  were  revaeled  which  would  require  Innedlate  changea  In  the  node  of  MEACP 
operetlona.  Airborne  alerta  for  perloda  longer  than  Eaerclae  Might  Star  appear  blonedlcally  feaalble. 

Finally,  e data  baae  haa  been  acctnailated  and  peraonnel  aubayatea  teat  procedurea  have  been  developed  for 
the  Initial  operational  teat  and  evaluation  of  the  E-4A  Advanced  Airborne  Connand  Poet. 
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